
FOREWORD

For most of us, air travel

isn't an adventure anymore.

We take it for granted that

we can climb aboard a well-

built, reliable aircraft and fly

wherever we wahl swiftly,

sat_qy and efficiently.

That confidence didn'l

conic out ota clear bhle sky.

It is inspired by niodern

technolog T and innowltive

design--ninth of which

comes directly tiom the

pioneering acrollat|tics

research by NASA and its

predecessor, tile Nalional

AdvisoQ' Committee for

Aeronauli(:s.

liklrlTll NASA's IIEI. P TIlE UNlTED STATES

WILL CONTINUE ITS LEAI)I<RS, Illl _

IN TIlE FIERCELY C()MPETI'FtVE %_;ORI. D

AEROSPACE MARKE'fPI. A(]E

Bill NASA |sift content to

live on its reputation. Today,

our aeronautics programs

are remarkable for lheir

scope and diversity.

They are also chiuilcicrized

by a strong parlnership with

Ainericall indiisll)' and

universilies.

The research iiself is compli-

cate<l, but the underlying

goal is simple: [o provide

Iechnolog}, that can change

the shape of tomorrow's

aircraf[ literally t+rom nose

to tail.

Sonic changes derived tionl

NASA rescarcti will an|or|ill

ioa subtle revohltion.

There will be new eleclronic

systems, increased use ()f

advanced materials and

quieter, more thel-etIicient

engines.

Ottler achievcnlenls will be

lllore dramali(, leading io

Ilet%" classes (if aerospace

vehicles such its it ileXl.-gl"ll-

eratic, n supersonic trailsp(irl

and lhe X-30 National Aero-

Space Plane.

With NASA's help, the

United States will contintte

its leadership in the tiercelv

competitive world aerospace

niarkeipla('e as we head

toward Ihe <21st (;elilulw.

And |hal has protoinld

ilnplicalions |()r ()IlF ecoIIO-

lily, tiir ()ill" civil liailspolla-

lion alld for ()Ill" ilali()llal

de|__'ll se. ll>
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These are just a ffw faces of

National Aeronautics and

Space Administration

(NASA) aeronautics research:

bold, torward-looking endeav-

ors on tile cutting edge of

aerospace technolog)' that

have kept the United States
at the forefront of aviation

tor more than 75 years.

It's difficult to overestimate

how hnportant aeronautics

research is to the nation's

economic heahh and compet-

itiveness. American aerospace

thms emph)y hundreds of

thottsands of people and the

companies' exports are the

major positiw factor in our

trade balance.

NASA uses its weahh of scien-

tific and cnginecring

resottrces to advance both

cMl and militm 7 aviation.

Some of its eflorts, such as

research to prepare tech-

nolog 7 options for a next-

generation supersonic trans-

port, may take 10 years or
nlore to Colne to fruition.

Other NASA work is aimed

squarely at more immediate

problemsIfi)r instance, the

aerodynamic performance

of twin-tailed supersonic

fighters at high angles-of-

attack.
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NASA researchers are part
of a coast-to-coast team that

inchides government, indus-

try and academia. NASA and

the Federal Aviation Adminis-

tration (FAA), tor example,

conduct joint research actM-

ties in several key safety and

technology areas. The agency

and the Depamnent of

Defense are partners in a

wide range of cooperative

programs in every speed

regime from subsonic to

hypersonic. And about half

the test hours run in some of

NASA's busiest wind runnels

are devoted to projects of the

U.S. aerospace indust_'.

I

In addition to joint efforts,

NASA ensures that the resuhs

of its research are available to

the U.S. aerospace comnmni-

_' through technical reports,

conferences and workshops.

The agency also has a vigor-

ous set of university programs

designed to broaden its base

of technical expertise and to

nurture the education of

fliture aeronautical scientists

and engineers.

These other government and

private entities request

NASA's participation because

the agency has a unique mix

of talented people and invahl-
able research facilities. The

agency has fbur aeronautics-

oriented installations that

represent an unparalleled

national asset: Langley

Research (]enter in Hampton,

Virginia; Lewis Research Cen-

ter in (]leveland, Ohio; Ames

Research Center in Moffett

Field, (;alifomia and its Do'-

den Flight Research Facility'

at Edwards Air Force Base in

Califi)rnia.

Full-size F/A-18

fighter in Ames

Research Center's

80x120-foot

tunnel,
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INTRODUCTION

NASA has structured its aeronautics research

program into six broad areas or "thrusts." The

intent is to combine planning activities into an

integrated, strategic operating scheme and to

provide program stability in the fitce of an uncer-

tain budgeta W climate. These thrusts represent

the direction of NASA aeronautics research now

and in the future:

SUBSONIC AIRCRAFT--

Developing selected new

technologies that will

ensure the competitiveness

of U.S. subsonic aircraft

and enhance the safety and

productivity of the nation's

airspace.

The technology, chal-

lenges in the subsonic
thrust are varied. Much of

NASA's research tocuses

on reducing drag and

improving lift--advances

that could lead to signifi-

cantly better fuel economy

in tomorrow's airliners.

Coupled with that work

are efforts to design qui-

eter and more efficient

engine concepts and to

reduce aircraft weight

through increased use of

composite materials.

NASA and the FAA are

also working together to

enhance safety in the

nation's airspace by

improving onboard cock-

pit technolog T and air trat-

fic control systems.

Computer-generated

computational fluid

dynamics (CFD)

simulation showing
Mach contours of

National Aero-Space
Plane.

HIGH-SPEED

TRANSPORTATION--Rest fly-

ing critical environmental

issues and laying the tech-

nological foundation for

an economical next-gener-

ation supersonic transport.

Man}, aviation experts tore-

cast that a fleet of high-

speed airliners will be fly-

ing the world's transocean-

ic air routes early in the

21 st (;entuD +.They also

predict that the American

aerospace industD_ will

remain competitive only if

it is a major player in that

aircraft market. NASA's

High-Speed Research Pro-

gram is aimed at the envi-

ronmental and technologi-

cal questions that must be

answered before private

indusU T commits its

resources to buiht a super-

sonic transport aircraft.

HIGH-PERFORMANCE

MILITARY AIRCRAFF--

Providing technolo_'

options for revolutionary

new capabilities in filttne

high-perti)rnmncc fixed-

and rotary-wing aircraft.

NASA's research on high-

perfi)rmance aircraft is

directed at challenges,

such as cotltrolled flight at

high angtes-ofauack, that

will ensure U.S. pilots con-

tinue to fly the best planes
in the world. It also devel-

ops technolo_' that helps

improve the pertormance

ol +the current generation

of military aircraft.

HYPERSONIC/TRANS-

ATMOSPHERIC VEHICLES--

Developing critical tech-

nologies fin the X-30

National Aero-Space Plane

and flmtre hypersonic

vehicles.

The X-30 will be at unique

flight research vehicle. It
will he able to take off hor-

izontally like an airplane,

fly into orbit nsing air-

breathing engines for its

primary propulsion, then
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NASA SR-71B

Math 3+ research

aircraft.

return through the atmo-

sphere for a runway land-

ing. NASA's activities are
directed at the formidable

technological hurdles in

propulsion, aerodymunics,

materials and system inte-

gration that are needed

tbr this vital national

endeavor to succeed.

CRITICAL DISCIPLINES--

Pioneering the develop-

ment of innovative con-

cepts and providing physi-

cal understanding and the-

oretical, experimental and

computational tools

required tor efficient

design and operation of

advanced aerospace
vehicles.

NASA strongly supports

research in technical disci-

plines important to avia-

tiorL The emphasis is on

flmdamental knowledge

of physical phenomena

critical to the performance

of aerospace systems.

NASA's efforts also try to

identi_ and develop new

ideas that may produce

revolutionary advances in

a given discipline.

7

NATIONAL FACILITIES--

Enhancing, maintaining

and operating NASA's vital

aeronautical research

facilities.

The agency operates some

of the world's premier

aerospace testing facilities.

To strengthen the ability

of these unique national

assets to meet U.S. aero-

nautical research goals,

NASA is upgrading many

of its facilities through a

comprehensive revitaliza-

tion effort while continu-

ing to bring new capabili-
ties on-line.

With these thrusts as the core

of its aeronautics program,

NASA will continue Io make

valuable and timely contrihu-

tions to advanced aircraft

designs, improvement of

a'_r tratfic operations and

safe V.
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SUBSONIC AIRCRAFT

1'o the casual observer, the

subsonic aircraft of the early

21st Century may not look

significantly different from

today's generation of airlin-

ers. But recent technological

developments spurred by

NASA research are merging

to create a revolution in

tomorrow's transport aircraft.

Innovative wings, ultra-effi-

cient propulsion systems and

composite materials are set-

ting the stage for a new era

in commercial air travel.

NASA is working closely with

aerospace manufacturers, air-
lines and the Federal Aviation

Administration (FAA) to

research and introduce

advances that will keep the
United States in its traditional

position as leader of the com-

mercial aviation marketplace.

WINGS TO COME

Flight is a careful balancing

act between upward aerody-

namic fi)rce--'qift"-- generat-

ed by an aircraft's wings and

air friction--"drag"--that

slows a plane down. Much of

NASA's research in the sub-

sonic area is devoted to

increasing the ratio between

those two fi)rces to make

transports more fi_el-efficient

and safer during takeoff,

cruise and landing.

NASA ran a series of wind

tunnel tests at Langley

Research Center in 1990 to

study combinations of flaps

Tomorrow's passen-

ger aircraft will have
even better fuel effi-

ciency and more

advanced systems

than current state-of-

the-art airliners like

the Boeing 747-400.

DEVELOPING SELECTED NEW TECHNOLOGIES

TO ENSURE THE COMPETITIVENESS OF

U.S. SUBSONIC AIRCRAFT AND

ENHANCE THE SAFETY AND

PRODUCTIVITY OF THE NATION'S AIRSPACE,

and slats that could increase

lift on advanced transports.

The agency also performed

high-lift experiments using

Langley's Boeing 737 Trans-

port Systems Research Air-

craft. The plane's three-part

flaps were deployed at set-

tings of 15, 30 and 40

degrees, while cameras and

sensors gathered data on air-

flow, surface pressures and

skin friction. The test results

are being used to refine com-

puter simulations of the aero-

dynamic effects of high-lift

devices and will uhimately

lead to improved high-lift

systems.

shaped wing. This "hybrid"

technique to reduce drag

could produce significant fuel

sm.4ngs if a full-scale, opera-

tional system were mounted

on the U.S. transport fleet.

As the turbofan engines

mounted on commercial air-

liners become more powerful,

the size of the engine nacelles

relative to the wing will have

grown dramatically. NASA per-

formed an experimental pro-

gram at Langley in 1989 to

determine the aerodynamic

penalty, imposed by large,

high-bypass-ratio "superfim"

nacelles on advanced trans-

port-type aircraft. The wind

tunnel tests confirmed that

the larger nacelles produce

higher drag, but also showed

that drag is offset by the

increased fi_el efficiency of

the turbofans themselves.

Improving high-lift systems
on airliners will reduce take-

off noise "footprints" because

planes can climb oul more

quickly. The higher lift-over-

drag ratio will also allow

designers to reduce wing

area and weight, with a result-

ing increase in range and

payload.

Drag is the other nemesis of

aircraft efficiency, so NASA

has a continuing program to

characterize drag and to

develop ways to combat it. In

a joint effort among NASA,

Boeing and the Air Force, a

Boeing 757 airliner was

equipped with a suction sys-

tem on its left wing to siphon

off turbulent air rushing over

the surface. The resulting

laminar (smooth) flow of air

was followed by a run of lami-

nar flow naturally produced

by the plane's carefldly

NEW MATERIALS FOR

NEW AIRCRAFT
_7tlat if fltture conunercial

aircraft components weighed

about half what they do now

and cost only three-fourths

as much?

NASA is conducting an

aggressive eftbrI to under-

stand and develop new con>

posite materials that have the

potential for large weight sav-

ings and much better resis-

lance to corrosion. Break-

throughs in these materials

may permit structures made

from epoxy-type resins and

high-strength carbon fiber to

replace metals in the wings

and fttselages of next-genera-

tion commercial transports.

in the first phase of the agen-

cy's Advanced Composites

Technolog)' program, 14 of

the nation's most respected

PRECEDING PAGE _LAEPN NOT F!LMED
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aerospace firms and universi-
ties have focused on funda-

mental composites research

to come up with innovative,

cost-eft_ctive ideas. "In-

house" researchers at Lang-

ley and Lewis Research Cen-
ters are also involved.

Langley, for example, con-

ducted several studies in

1990 on the reaction of com-

posite structures to wear and

tear. One investigation char-

acterized the matrix crack-

ing and delamination that

composites experience

before failing completely.
Other efforts looked at the

energy-absorbing capabilities

of composite tubes and

Pratt & Whitney

advanced ducted

propeller tested at
Lewis Research

Center. Detailed

laser velocimeter

data documented

external flow field

for reverse and

forward thrust to

verify source
noise reduction

codes.

CENTER/TRACON AUTOMATION SYSTEM (CTAS

Air traffic flow is an organic

situation that progresses

almost from takeoff to

landing. We are concen-

trating on arrivals with

CTAS because they go to

the worst bottleneck, the

runway.
CTAS has three highly

integrated components.
There is first what I think of

as an "orchestra conduc-

tor": The Traffic Manage-

ment Advisor. It looks at

aircraft as they come in

from all directions, 200 to

300 miles out, and it starts

to develop a plan to handle

that traffic effectively.

We then provide aids to

i help controllers implement
I that plan. One such aid,
I

Descent Advisor, generates

graphic representations of

i spatial and time relation-
i ships among aircraft con-
I

i verging on an aerial "gate"

' The Final Approach Spacing

Tool, or FAST, lets con-
! trollers make precise cor-
I
i rections to aircraft positions

after the planes have flown

NASA IS WORKING TO tIELP AIR CONTROLLERS tIANDLE THE

EVER-INCREASING VOLUME OF TRAFFIC IN THE NATION'S

AIRSPACE. HEINZ ERZBERGER OF NASA's AMES RESEARCH

CENTER DISCUSSES THE DEVEI,OPMENT OF ONE POWERFUl.

NEW COMPUTERIZED TOOl.: THE CENTER/TRACON

AUTOMATION SYSTEM (CTAS).

through the gate.

So with CTAS, con-

trollers always have a plan

and advisors to implement

the plan. It's a dynamic

plan, which changes as the

traffic situation changes,
and the advisors are there

all the way to landing.

The original research for

CTAS goes back to the late

1970s, when we really

began to examine the air

traffic process. In the early

1980s, we started to adapt

trajectory analysis studies

done for on board flight

management systems to

the ground controller's

point of view

Simultaneously, graph-

ics-oriented computers, as

exemplified by the Macin-

tosh, arrived. From that

technology grew the idea

that we could make various

tools available to controllers

that would let them bring

up trajectory knowledge to

make predictions in a con-

venient way.
We have also been

encouraged by the

response of visiting teams

of controllers who have

worked traffic with CTAS

tools on our simulator. They

often tell us they want to

take the system with them
to use at their facilities.

We have made tremen-

dous strides in explaining

the CTAS concept to the air

traffic community, including

the highest levels of FAA

management. Early in

1991, for example, we

demonstrated the system
to then-FAA Administrator

Admiral Busey in our labo-

ratories here at Ames.

But NASA and the FAA

don't believe we can

achieve our real objective

simply by doing simulations

in the laboratory. So as a

consequence of the meet-

ing with Admiral Busey,
and numerous other confer-

ences, FAA decided to pur-
sue a test and evaluation

effort in the field, with

NASA responsible for major
elements of the field

systems
FAA selected Denver

and Dallas/Fort Worth areas

for CTAS evaluation and

testing. Both areas have

"corner post" operations;

that is, traffic is funneled

through four gates as it
enters the terminal area.

Dallas/Fort Worth is espe-

cially complicated because

of its many satellite airports

and its substantially higher

traffic level. In fact, it's a

major challenge to see how

we can adapt CTAS to that
situation.

We are currently testing

the system without disrupt

ing the air traffic control

process through what we
call "shadow control." We

drive the CTAS software

with live radar data and

notice how the advisories

12
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beams and attenlpted to

lind similarities in the

response (flmeta[ and com-

positestrl.tt:ttlres I¢) crash

loads. With this knowledge,

engineers will be able to

design better composite air-

frame structures and predict
their service lift.: more accu-

rately.

Lewis Research

Center sponsored

studies of high-

efficiency core

engines. Typical

in-line configura-

tion shown here

would have an

advanced gearbox,

high-efficiency

compressor and

would incorporate

composite materi-
als in its com-

bustor and

turbine.

TOWARD TOMORROW'S

ENGINES

As subsoIfic turbine engitleS

have evolved, engineers have

put into their designs ever-

higher by[)ass ratios to

increase propulsive clIiciency,

One way to get even better

perfortlla]lce 111;tybe to

advance lechnolo_' in engine

C¢llllpressors, COlll|)tlstors alld

turbines.

NASA's Lewis Research Cen-

ter sponsored studies by

engine nmnufacturers Pratt &

Whitney, General Electric and

Allison tm the potential bene-

fits of advatrced core technol-

ogy. The studies predicted
that advanced cores could

reduce fuel consttmptiota 20-

30 percent and might lower

operating costs bv 6-14 per-

cent (assuming fuel cosls of

$ I .O0/gallon }. The engine
makers also f_nmd that the

advanced lechnologn:' w_>uld

provide better thermal elti-

cicncy aCCOlmting f<+r 60 per-

cent <d the expected improve-

111c1/l ill pel'forlzl_ltlce.

react to the traffic. In this

first stage, however, we

don't actually use the advi-

sories, so our ability to

evaluate CTAS perfor-

mance is limited. But it has

helped us to tune up the

software

This is still a research

and development effort;

NASA isn't building a pro-

duction system. But the

CTAS concept could

migrate into the Advanced

Automation System, a new

air traffic control system

that the FAA is working on
for the late 1990s. Eventu

ally, controllers may be able

to handle more traffic with

the same workload or the

same level of traffic with

less workload In any

event, the stress of air traf-

fic control wouJd be greatly

reduced, and fuel con-

sumption and delays would
be minimized. >-

The Center/TRACON Automation System will be tested in "shadow mode" at Dallas/Fort Worth Airport.

ORIGINAl. P ;, ::-i:

_:_ BLACK AND WHITE Pt-iOtuGRA.leR



SUBSONIC

HYBRID LAM NAR FLOW CONTROl.

i
One way to control the

boundary layer and obtain
i laminar flow is shaping the
I

I wing to obtain a favorable

pressure distribution that

i maintains the smooth

airflow. That's referred to

as natural laminar flow. The

problem with natural lami-
nar flow is that it can be

applied only to small aircraft

or aircraft that have very lit-

tle wing sweep. Commer-

cial transports cruising at

high speed need to have

swept wings, and that intro-

duces more complexity into

boundary layer control.

It's possible to suck

some of the boundary layer

airflow through the surface

of the wing, which removes

the very unstable air next to

the wing surface. That
makes the flow more stable

and maintains laminar flow

further downstream, even

in the presence of wing

sweep. But until recently,
the introduction of the suc-

tion surface and ducts into

the wing structure was

judged to be hopelessly

complex.

A key development has

been the evolution of a

practical suction surface.

An electron beam or laser

is used to drill a myriad of

microscopic holes in thin

titanium sheets. That gives

us a very practical surface

that doesn't require a lot of

maintenance and is quite

durable.

Another key develop-

ment has been the hybrid

concept we recently (in

1991 ) flight-tested on a

Boeing 757. This is a mar-

riage of natural and active

suction techniques for con-

trolling the boundary layer

--hence the term "hybrid."

It greatly reduces the

EFFORTS TO PRODUCE LAMINAR (SMOOTH) AIRFLOW

OVER AIRCRAFT WINGS HAVE BEEN AROUND SINCE THE

1940s. THE REASON IS SIMPLE: SMOOTHER AIRFLOW

TRANSLATES INTO BETTER AIRCRAFT PERFORMANCE AND

FUEL ECONOMY. BUT THE REAL CHALLENGE HAS BEEN TO

MAKE LAMINAR FLOW CONTROL METHODS PRACTICAL.

DAL V. MADDALON AT LANGLEY RESEARCH CENTER

EXPLAINS NASA's WORK ON ONE VERY PROMISING

TECHNIQUE--HYBRID LAMINAR FLOW CONTROL.

extent of the suction area

and avoids sucking in the

wing box structures. The

idea is to use suction on

the leading edge of the

wing (just to the front spar

of the wing box) where

the sweep effects predom-
inate. Further back on the

wing the suction is absent,

and we rely on the natural

approach to get an extend-
ed amount of laminar flow.

We modified the left

wing of the 757 by remov-

ing the leading edge for a

span of about 20 feet out-

ward of the left engine

pylon. Then we installed a
new section that had all the

systems required to per-
form air suction. The con-

tour of the leading edge

was also changed so that

we modified the pressure

distribution over the entire

chord of the wing.

We also modified the

new leading edge with a

Krueger flap, which is a

high lift device that is differ-
ent from the slats on most

aircraft. It deploys from the

lower wing surface and
increases the camber in the

chord of the wing's lifting
surface on takeoff and land-

ing. In the hybrid concept, it

also protects the leading

edge of the wing against

insect impacts that can clog
the control surface or cre-

ate roughness to trip the
flow and cause turbulence.

The flight test results

Langley Research

Center participated in

tests during 1990 and

1991 of a partial-span

Hybrid Laminar Flow

Control (HLFC)sys-

tem on a Boeing 757.
The 22-foot section

contained laser-

drilled holes and was

protected by a

Krueger flap. Wing

surface instrumenta-

tion suchas pressure

orifices, pressure

belts and tempera-

ture-sensing hot-
films are shown

covered by protective

tape.

BLACK
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were very encouraging. We

expected laminar flow pos-

sibly as far downstream as

40-45 percent chord on the

wing. We actually got it to

run all the way back to the

shock wave, which is at 65

percent chord. The experi-

ments also demonstrated

that the suction required

amounts to only one-third

of that indicated by earlier

design calculations.

The hybrid laminar flow

control program with NASA,

Boeing and the Air Force

was industry's first flight

research on this concept--

and I think the flight experi-

ments really opened their

eyes. There's now intense

interest in hybrid laminar

flow. To get the full benefit

of the hybrid technology,

industry would design an

airplane with a clean sheet

of paper; the airplane would

actually be resized to reflect

the benefits of the drag

reduction. They should real-

ize fuel savings in the

neighborhood of 15-20

percent on a commercial

transport.

The hybrid effort

involved a lot of organiza-
tions. NASA took the initia-

tive in the 1970s to revisit

laminar flow. But we

couldn't have made the

progress we have without

industry. Yet I think industry

wouldn't have pursued the

technology development
without us. The Air Force

also played a very key role

in their support of the pro-

gram with the 757.

I think this program is
an excellent indication of

the accomplishments
we can have when NASA

works closely with the
rest of the aeronautics

community. •
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NACA 0012 airfoil

with 21-in. chord

in Lewis' Icing

Research Tunnel for

low-power deicing

tests. Six companies

furnished eight dif-

ferent pneumatic
and electromechani-

cal systems that
cracked, debonded

and expelled ice

built up in

IRT runs.

Lewis also has a continuing

program that looks at the

flow physics of multi-stage

compressors for tomorrow's

subsonic engines. The
research is aimed at an

improved understanding of

the complex mixing phenom-

ena that regulate the com-

pressors' pertbrmance.

Reducing jet engine noise is

one of the major areas of the

joint NASA/FAA research

agreements signed in 1990.
The effort tocuses on noise

reduction technology, better

understanding of noise

effects and development of

noise reduction standards for

new aircraft.

One promising way to lower

subsonic engine noise is to

use uhra-high-bypass engines

with advanced ducted pro-

pellers. But a ducted pro-

peller poses its own design

challenges. For instance, nei-
ther the unsteadiness of the

airflow through the fan

blades as the angle-of-attack

changes nor the restthing
noise had been studied exten-

sively, because practical duct-

ed propellers are a relatively

new concept.

In 1991, NASA researchers

completed development of a

new computer code that per-

mits precise three-dimension-

al analysis of unsteady airflow

inside and outside ducted

propfans. The code, which is
an extension of work that the

agency did on unducted pro-

pellers, has demonstrated

accurate predictions of pres-
sure losses at the fan face at

angles-of attack tip to 40

degrees.

NASA also experimentally

evaluated a Pratt & Whitney

engine with a short duct (for

low drag and weight) and

thrust-reversing capability at
Lewis Research (;enter. The

tests collected acoustic data

on the powerplant and

assessed its aerodynamic

performance.

The tunnel runs showed that

the short inlet was vm T effi-

cient and yielded low pro-

peller blade stresses at the

angles-of-attack 9'pical of

climbout ti-om an airport.

The noise measurements,

made directly at the blade

face, will help engineers
nnderstand the mechanisms

that generate noise in ducted

s} stems--knowledge that

could eventually produce

even quieter ultra-high-bypass

engine configurations.

TOWARD SAFER SKIES

With industo' and other go_

ernment agencies--especially

the E_X.--NASA plays a key

role in making modern air
travel sater for millions of

passengers and pilots. The

agency's research has three

broad areas: weather phe-

nomena and their effect on

aircraft, new aeronautics tech-

nology and human factors.

In 1990, NASA wrapped tip a

program to model the effect

of hea_ y rainfall on the lilt

generated by an airplane's

wings. At Langley Research

Center, a fldl-scale airfoil sec-

tion motmted on a test car-

riage was sent hurtling

through a simulated rain field

at typical takeoffand landing

speeds. The studies con-

firmed wind tunnel predic-

tions that hea_y rain causes a

substantial loss of lift, making

hea W rain an iinportan! fac-

tor that pilots and designers

should consider in planning

for bad weather operations.
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DANGER---WIND S lEAR!

A close encounter with

wind shear--a sudden

change in wind speed or

direction--can cause prob-
lems for even the best-built

airplanes and most experi-

enced pilots. Especially in

the fickle weather of spring

or summer, wind shears

occur in capricious storms

called "microbursts" that

hide beneath harmless-

looking cloud decks or lurk

inside gentle shafts of rain
As an aircraft enters a

microburst, headwinds first

cause an airspeed increase.

The pilots' natural reaction,

without proper training, is

to reduce thrust to com-

pensate. But as the plane

penetrates the micro-

burst's core, the headwind

changes to a very strong

tailwind, causing airspeed

to drop. During takeoff and

landing, an aircraft is usual-

ly very close to its mini-

mum operating speeds, so

any further reduction can

cause a stall or an unavoid-

able loss of altitude.

In 1986, NASA and the

Federal Aviation Adminis-

tration (FAA) agreed to in-

vestigate the threat posed

by hazardous wind shear.
NASA's role was to devel-

op advanced airborne sen-
sors that can see ahead of

an aircraft and detect a mi-

croburst before the plane
enters it.

From 1987 until recently,
researchers conducted an

exhaustive set of analyses,

simulations and tests and

continuously coordinated

the results with industry.

The studies found that

with even a slight warning

of wind shear conditions--

as tittle as ten seconds--

pilots are much more likely

to take appropriate and

timely action.
The results also showed

that microwave radar,

pulsed Doppler laser detec-

tion and ranging (lidar), and

passive infrared are all

potential candidates as for-

ward-looking wind shear

sensors,

Microwave radar locates

a microburst by detecting

the water droplets inside it.

Lidar systems ferret out

"dry" microbursts by pick-

ing up suspended particu-

late matter, but are blocked

by excessive moisture.

Infrared sensors detect the

temperature difference

between the generally cool
core of the microburst and

the surrounding air, but can

be fooled by temperature

variances that have nothing
to do with microbursts.

NASA's Boeing 737

Transport Systems

Research Vehicle made an

important and dramatic
series of wind shear-relat-

ed flights in summer 1991.

The plane was dispatched

to Orlando (Fla.) Interna-

tional Airport and Stapleton

International Airport near

Denver. Its assignment:

evaluate airborne wind

shear sensors and their

ability to send data to

ground stations in these
two areas where

microbursts are common at

that time of year.

The Orlando experi-

ments ran from June 9-21;

the tests in Denver from

July 7-25. Equipped with

microwave radar and pas-

sive infrared devices, the

737 was ready to fly every

day, and the mission was
based on the forecast

weather.

In clear weather, the

plane gathered radar "clut-

ter" data on airport ap-

proach paths and surround-

ing areas. When the fore-

cast suggested conditions

were right for microburst

t lowers
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formation, the 737 loitered

above the ground-based

Doppler radar station at a

high, safe altitude. When the

ground station found a wind

shear event and safety crite-

ria were met, the plane flew

toward the storm and pene-

trated it as the sensors gath-
ered data.

The tests are part of the

process where each sen-

sor's performance is

checked against live condi-
tions with all "real-world"

variables present. NASA's

research directly supports

the FAA, industry and the

airlines in their response tO
the wind shear threat.

Bulls-eye

displays used in

NASA/Honeywell

GPS autolanding

tests. Left-hand

display shows air-

craft's present

location and alti-

tude. Right-hand

display is cen-

tered on runway

approach path

and gives climb/

descent rates.

NASA also has a comprehen-

sive research program on the

occurrence and ettects of air-

craft icing, with many experi-

ments performed in Lewis

Research Center's Icing

Research Tunnel (IRT). A

1990.joint test program on

low-power deicing systems

involved investigators and

engineers from NASA, the Air

Force and industz T. The tests

measured how effectively the

devices removed ice,/he size

and mass of the resulting ice

particles and deicing [tower

requirements.

REVOLUTION IN

THE COCKPIT

During the past decade,

aulomalion has l)ecome an

important factor in moving an

awesome amount of air uaffic

relatively smoothly through

American airspace. NASA is

contributing m increased air

salk:t)' by developing specific

new piloting and air traffic

control aids and finding out

how people respond to those

innovative systems.

At I,angley Research (]enter,

pilots evahlated a new infor-

mation concept dubbed E-

MACS (Engine-Monitoring

2Mid Control System). E-MACS

sums up engine performance

in a display that presents data

as column indicators showing

variances between real and

ideal values. The pilots who

assessed E-MACS pre@rred its

fi)rmat to the round dials and

gauges tbund in many aircraft

cockpits. Even more impor-

tant, the test subjects detected

eve)), system's tCanlt thrown at

them during the sinmlations,

compared to a 5C)-percem rate

for more traditional displays.

[.ate in 1990, NASA also par-

ticipated in aj<)int fligh!

research project with Honey-

well lhat ma)' upgrade auto-

mated landing capabilities in

fnlul'e aircraft, l_angley's

Boeing 737 made 36 automat-

ed landings using a Hone_'ell

differential navigation system
linked to the Global Position-

ing System ((;PS). GPS is a

worldwide constellalion of

U.S. satellites that provides

precision navigation infor-

_natio_l.

In commercial aviation, an

automated landing system
based on differential GPS

inpnts offers the potential for

complete guidance in poor vis-

ibili b' conditions: precision

approach fiom a varieb, of air

mtffic patterns, landing rollont

and taxi to lhe gate.
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In the future, expert sys-

tems-sometimes called "arti-

ficial intelligence"--may be

used on commercial airliners.

NASA researchers at Langley

have designed a prototype sys-
tem called Faultfinder that

has proved its ability to diag-

nose failures in the engine

and hydraulic subsystems of a

"generic" aircraft using artifi-

cial intelligence techniques.
Faultfinder was evaluated

using eight actual accident
cases selected from National

Transportation Safety Board

(NTSB) reports. The system

used a computer simulation

of each accident to produce

a hypothesis for the probable

cause of the failure, correctly'

"solving" seven of the eight

test cases.

There have been a few inci-

dents where the hydraulic

controls on large aircraft

failed dnring flight, leaving

the pilots with almost no

capability to land normally.

In 1991, NASA im, estigators

at Ames-DITdeu Flight

Research Facility did an engi-

neering study that shows mnl-

ti-engine aircraft with special-

ly programmed flight control

systems can touch down safely

using just the plane's engines.

The work was done on a sim-

ulator that looked at the

engines_mly handling quali-

ties of a varie D' of aircraft

including large transports

and a twin-engine jet fighter.

NA£A pilots also made pre-

linlina_' flight evaluations in

Ames-D_den's F-15 research

aircraft and two business-size

planes. The flight tests con-

firnled sinmlator predictions

that some control is possible

using just the throttles, but

landing tasks are extremely

difficuh unless the flight con-

trol system has been tailored

tbr engines-only operations.

Lewis Research

Center is replacing

a large centrifugal

compressor (right)

with a four-stage
axial-flow com-

pressor (left} for

low-speed

mixing research,

Researcherswill be

able to change

blade stagger,

solidity and
relative circumfer-

ential positioning
between the

blade rows on

the axial-flow

apparatus.

THE "HUMAN

ELEMENT"

Even with all the sophisticated

technologies finding their way

into aircraft cockpits, human

beings still make the critical

flight decisions. NASA's
hnman factors research seeks

out information about human

capabilities and limitations,

then applies those discoveries

to the design and analysis of

systems, tools, tasks and proce-

dures. The goal: safe, effective

and reliable flight.

A primary pnrpose of NASA's

work is to improve safe D"by

supporting the development

and integration of advanced

automation concepts for air-

crews and air traffic con-

trollers. One of tim first steps

was to define how aircrews

interact with automated cock-

pit systems under actual flight
conditions.

From 1986 m 1989, NASA

researchers at Ames Research

Center coordinated a study of

automation's impact on air-

crews flying the highly com-

puterized Boeing 757 twin-jet.

They found many pilots were

concerned about safety

becanse of the amount of data

presented and the tasks inher-

ent in using state-of:the-art

tlight management systems.

Ahnost half the participants

worried that automation

would diminish lheir piloting

skills, yet nearly all of them

said they were comfortable fly-

ing with the 757's electronic

flight deck.

NASA is also conducting the

first major attempt to under-

stand how and why crew per-

formance suffers from fatigue

and the impact of changes in

the body's internal time clock.

These field studies nse cockpit

observers and physiological

monitoring de,rices to investi-

gate pilot behavior. Volunteer

crew members wear portable

biomedical recorders that col-

lect data on body tempera-

ture, heart rates and activib,.

In a cooperative program,

research organizations and

aMines in Germany. the Unit-

ed Kingdom and Japan col-

lected electroencephalograph

(EEG) sleep data during crew

layovers on worldwide routes.

In 1990, the effort expanded

to include a test of fatigue

countermeasures during four

successive transpacific flights

by two groups of Boeing 747

crews. One group took a 40-

18
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minute nap in their seats on a

rotating basis; the other oper-

ated under their usual flight

rules without sleep periods.

According to EEG data and

the results of portable labora-

to_' awareness tests adminis-

tered at intervals throughout

tile flights, the crews that

took a preplanned rest were

significantly more alert dur-

ing critical flight phases than
those who (lid not.

The results of these studies

are shaping guidelines tbr

flight regulations and aircraft

certification and are aiding

hlunan factors researchers in

their search for improved

coping strategies.

'.c}jE AG_-N(; AIRCRAFT

C_}.AI[,LEN (; E

Economics dictates that air-

lines keep aircraft in service

as long as they are safe to fly,
Commercial carriers must

perform flequent, time-con-

suming inspections to identify

structural problems that

could affect a plane's airwor-

NASA

researchers are

studying how

humans interact

with highly

computerized

cockpits like

that of the

Boeing 747-400.

thiness--an endeavor dlat

costs the aMines both time

and money.

In 1991, NASA and the F:__

expanded on their traditional

cooperative effi)rts to address

critical aging aircraft issues.

In a wide-ranging agreement

that draws on the respective

strengths of each agency, the

F,_k will focus on fatigue and

fi'acture analysis, corrosion,

flight loads, human thetors

and nondestructive inspec-
tions. NASA's work will con-

centrate on improving meth-

ods of structural analysis and

developing new inspection

and evaluation techniques.

For example, NASA's experi-

ments at Langley Research
Center have demonstrated

that thermography (mapping

of temperature differences)

can detect disbonding in the

lap joints of a typical aircraft

structure. Quartz lamps heat-

ed test specimens, and an
infrared camera measured

the resulting temperature

profiles. Comparison of the

profiles before and after heat-

ing gives a clear image of any

disbonding that has occurred.

An uhras<)nic phased array

technique developed at Lang-

ley shows promise fiw inspec-

tions in the field. Computer-

ized signal processing pro-

vides high-rcsoluti<m detec-

lion of potential problems

antt corrects inherent image

aberration. Uhrasonic

devices would be especially

valuable in airline operations

because they are able to find

fatigue cracks and corrosion

by scanning a large field of

view (hu-ing inspections.

Tile independent but coordi-

nated research progra]ns

under way at NASA and the

FAA tb,m a technological

timndation for the continued

sate operation of the nation's

connnercia] air [h'et in a man-

ller tllat responds to the con-

cerns and needs <)1:the air

transport industry. >
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TRANSPORT

Shortly after the turn of the

century, a fleet of American-

made supersonic airliners may

be carrying thousands of pas-

sengers per year at more than

twice the speed of sound to

points around the globe. To

turn that dream into reality,

NASA and industry are active-

ly working on the technology

needed to make possible a

next-generation high-speed

civil transport that will be

profitable, reliable and envi-

ronmentally compatible.

The emergence of several
Pacific Rim countries as world

financial powers makes the

idea of a next-generation

supersonic transport attrac-

tive. One obvious advantage is

sheer speed: A trip from I,os

Angeles to Tokyo, for exam-

pie, would take a little more

than 4 hours instead of the 10

hours required by subsonic

airliners.

The high-speed arena repre-

sents a future marketplace in

which American industry must

be competitive. U.S. compa-

nies have traditionally domi-

nated world commercial air-

line sales, and the nation's

aerospace indust_' as a whole

produces an impressively
tavorable trade balance.

But there are major hurdles
to overcome before routine

supersonic travel becomes

possible. Environmental

questions about high-speed

transports have increased

as scientists have learned

more about Earth's atmo-

sphere. Also, the technolog-),

Predicted pressure

field around a

McDonnell Douglas

representative high-

speed civil transport

configuration.

RESOLVING CRITICAL ENVIRONMENTAL ISSUES

AND LAYING THE TECHNOLOGICAL FOUNDATION

FOR AN ECONOMICAL NEXT-GENERATION

SUPERSONIC TRANSPORT.

>.

Navier-Stokes

computations

were usedto

compute viscous

flow over a high-

speed civil trans-

port configuration.

Overleaf:

Numerical simula-

tion model of

high-speed civil

transport.

to build and operate such air-

craft economically and within

today's stringent airport noise

standards doesn't yet exist.

INITIAL STUDIES

As a first step, NASA commis-

sioned studies by the coun-

ttT's two largest transport air-

craft manufacturers, Boeing

and McDonnell Douglas.

Their assigmnent: Define the

potential market for a next-

generation supersonic airliner

and consider the engineering
advances lhat would make it

financially successful and envi-

ro n men tally sate.

Each company focused on a

particular class of aircraft:

McDonnell Douglas studied a

Mach 3.2 design that could

car D ' approximately 300 pas-

sengers a distance of 7500

miles. Boeing's Math 2,4 con-

cept could transport 250 pas-

sengers up to 5800 miles.

The firms reported their find-

ings in late 1989. Their studies

predicted that transpacific air

travel will increase tourfold by

the year 2000 and transat-

lantic passenger trips will dou-

ble. Boeing concluded that a

Mach 2.4 transport would cap-

ture more than 50 percent of

the long-haul international

market--as many as 1500 air-

craft!

But both companies found
that substantial demand for

an advanced supersonic trans-

port will occur only if the

plane has no harmful atmo-

spheric effects and meets

allowable airport noise stan-
dards. It also must be econom-

ically competitive with future

long-haul subsonic airliners.

The aircraft's financial out-

look would be enhanced by

acceptable overland super-

sonic flight.

HIGH-SPEED

RESEARCH PROGRAM

In 1990, NASA began an

ambitious effort called the

High-Speed Research Pro-

gram as a logical follow-on to

Boeing and McDonnell Dou-

glas studies. It addresses the
environmental concerns that

could preclude full-scale

industry development of a

supersonic transport: emis-

sions effiects on the atmo-

sphere, airport noise and

sonic boom,

Jet aircraft exhaust expels

oxides of nitrogen (NOx) into

the atmosphere, where they

chemically react with and
remove ozone. Advanced

engines that will reduce NO x
emissions are the best solu-

tion, but researchers must also

be sure they fully understand

ozone depletion mechanisms.

In 1988, NASA created an

advisory panel of internation-

al aintospheric science experts

to guide the review and wst-

ing of current atmospheric

models. One early finding was

that currenl computer models

(ctmtinued im [)age 21;)
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HIGH-SPEED TRANSPORTS: NO NOISY NEIGHBORS

Anyone who has watched

the Concorde lift majesti-

cally from an airport run-

way has experienced first-

hand the downside to the

visual thrill: jet noise--

often more than 120

decibels.

The reason the Con-

corde can be so loud is that

existing community noise

standards apply only to
subsonic aircraft. But a

next-generation high-speed

civil transport (HSCT) will

have to meet noise regula-
tions for new subsonic

transports on takeoff,

approach and landing.

Boeing HSCT concept

has long nacelles

needed to incorporate
advanced noise reduc-

tion technology.

There are two ways to
lower HSCT noise levels.

The first is an engine con-

figuration that has lower jet

velocity at takeoff, much

like today's high-bypass

turbofans. But whatever

engine ultimately powers

an American supersonic air-

liner also must have good

supersonic cruise perfor-
mance. That mandates a

high-velocity, turbojet-like

cycle...exactly the oppo-

site of characteristics that

reduce noise.

NASA and two of the

nation's leading powerplant

manufacturers, Pratt &

Whitney and General Elec-

tric, are evaluating technol-

ogy choices for an engine

cycle that will satisfy noise,

performance and economic
demands. Factors such as

aircraft gross takeoff

weight, emissions and

noise levels are being used

to compare and evaluate

candidates. NASA and

industry plan to have

enough data by the end of

1992 to choose a concept

on which the remainder of

high-speed propulsion tech-

nology research will focus.

The second approach to

the noise challenge is

exhaust nozzle technology
that will reduce sound lev-

els while maintaining aero-

dynamic performance.

"Mixer-ejector" con-

cepts-nozzles that rapidly

mix low-energy air from

outside with the high-ener-

gy engine exhaust--appear

to be the most promising

design.

Current research centers

on testing subscale nozzle

concepts in NASA and

industry facilities. NASA's
Lewis Research Center

evaluated a two-dimension-

al model of a Pratt & Whit-

ney mixed-ejector design

. _-.-_.._;._.71-F

from June to September
1989. Researchers used

the tunnel results to build a

data base matching acous-

tic signatures to variations

in model geometry. They

also took pressure and

temperature measure-

ments at the nozzle's exit

plane.

The success of the tests

gave Pratt & Whitney

enough data to design a

full axisymmetric (symmet-

rical around an axis) nozzle

concept that was evaluated

during 1990. Engineers are

using the information to

make changes in the noz-

_:_'_'_i:_:,.....
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zle shape that will improve

aeroacoustic performance.

Langley Research Cen-

ter also is playing a major

role in High-Speed

Research Program noise

studies. Engineers are

testing a series of model

generic nozzle configura-
tions in the Jet Noise Lab-

oratory. The results will

yield a better understand-

ing of each configuration's

physical properties--

knowledge that will help
the nozzle studLes at Lewis

and those in industry,

The subscale investiga-

tions are also leading to

refined computer codes
that will be crucial for mod-

eling low-noise nozzle per-

formance later in the pro-

gram, For example, the

PARC Reynolds averaged

Navier-Stokes code pre-
dicted localized hot streaks

in the flow field of the

Pratt & Whitney axisym-

metric nozzle design.

Infrared camera images

shot during the runs in the

Boeing facility correlated

their existence, Langley

Research Center and

industry are also doing

comparable assessments
of other codes.

Experimental data and

computer simulations on

the subscale and generic

nozzle concepts will help

engineers select the most

promising designs for tests

in the huge 40xS0-foot
wind tunnel at NASA's

Ames Research Center

and in a jet exit rig at
Lewis The ultimate result:

technology that industry

can use to build the quieter

supersonic transports of

tomorrow,

Mach 3.2

McDonnell

Douglas super-

sonic airliner

concept,
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Two-dimensional

Pratt & Whitney

mixer-ejector

nozzle in Lewis'

9x15 Low-Speed

Anechoic Wind Tun-

nel. The tests sur-

veyed the aerody-
namic flow field and

gathered near-field
acoustic

signaturesfor
severaldifferent

configurations.

don't adequately simulate the

chemical reactions of NO x

with atmospheric particles
such as the Earth's natural sul-

fate layer and polar strato-

spheric clouds. Scientists

believe such particles con-

tribute to ozone depletion at

tile poles during winter.

From 1989 to 1991,

researchers tested the most

reliable atmospheric comput-

er models against existing

atmospheric data to calculate

the effects of emissions by a

high-speed transport fleet.

Ahhough the resuhs varied,

the calculations showed that

there were potential operat-

ing areas in the lower strato-

sphere where reduced

engine emissions would

deplete ozone by less than

one percent.

NASA has several ER-2 aircraft

(a civilian version of the

tamous U-2 reconnaissance

plane) and a modified DC-8

jetliner that smwe as the pri-

nla D' means to gather

improved stratospherk mea-

surements. In late 1991, an

ER-2 and the DC-8 acquired

the first ozone data geared

specifically to the tiigh-Speed

Research Program as an

adjunct to the Airborne Arctic

Stratospheric Expedition It, a

polar ozone mapping project.

Axisymmetric

mixer-ejector noz-

zle in Boeing's

Low-Speed

Acoustic Facility.
Tests are aimed at

ultimately reduc-

ing jet noise by as
much as 20 dB.

The ER-2s and DC-8 have limi-

tations, however. The DC-8's

ahitude ceiling is lower than

the height at which flmlre

high-speed transports would

likely fly. For safety reasons,

the ER-2 does not fly into the

polar night that prevails in

winter to take ozone measure-

ments, nor does it travel more

than about 200 miles from a

coastline.

One candidate to increase

high-altitude atmospheric

sampling capabilities is a pilot-

less science research aircraft

called Perseus, which COlfld

carry a 1 1O-pound payload of

instrmnents higher than

82,000 feet beginning in 1994.

The proto_'pe, buih by Aurora

Flight Sciences Corporation,

has been successfully flight-

tested.
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Satellites also play an impor-

tant role in gathering infor-

mation on ozone depletion.

NASA is getting high-qualiw

measurenlents from space-

craft, such as the tipper Atmo-

sphere Research Satellite

(UARS) and Nimbus 7, and

from a U.S. Total Ozone Map-

ping Spectrometer aboard a

Soviet Meteor-3 satellite.

As data on atmospheric ozone

come in, researchers continue

to evolve and test models of

high-speed transport emis-
sions effects. The models will

soon incorporate "heteroge-

neous" chemical effects, i.e.,

the interaction of exhaust

products with atmospheric

aerosols or particulates.

Three-dimensional models

currently being developed will

let researchers include longi-

tude in their simulations,

which in turn should give a

more realistic picture of the

impact a high-speed transport

fleet will have on the Earth's

ozone laver.

Significant challenges in data

gathering and computer mod-

eling of atmospheric processes

lie ahead. But NASA believes

the atmospheric studies part

of the High-Speed Research

Program is socially responsible
work that is essential to

_Mnerican industry's decision

on pursuing a supersonic

transport.
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III I

UI,TRA-LOW NOx EMISSIONS

The focus of our research

over the last two years has

been to evolve the tech-

nology required to greatly

reduce oxides of nitrogen

(NOx) levels emitted from

aircraft engines This
research includes conduct-

ing laboratory experiments,

with simplified hardware, at

conditions high-speed air-
craft would encounter in

the stratosphere. Our pro-

gram goal is to reduce NOx

by approximately 90 per-
cent. That transfers into an

emissions index of from

about 3 to 8. The emissions

index is grams of NO x

divided by one thousand

grams of fuel consumed.
We've run tests with

two concepts of ultra-low-

NO x combustors: Lean-Pre-
mixed-Prevaporized--LPP

for short--and Rich-Burn,

Quick-Quench, Lean-Bum,
or RQL

The LPP combustor mix-

es fuel and air upstream of

the burning zone and
allows sufficient time for

the liquid fuel to vaporize

completely prior to entering

the combustion system.

This mixture--ideally,

vaporized fuel and air per-

fecW blended--then

enters the combustion sys-

tem and burning takes

place downstream of a
flame stabilizer where the

velocities are somewhat

lower.

That in itself is a very

simple process, but it is

fraught with several poten-

tial problems. Since there

is a combustible mixture

upstream of the combus-

tion zone, there is always

the possibility that flame
could flash back and dam-

age the engine. That's a

difficulty our research is

AT 50,000-70,000 FEET_THE TYPICAl. OPERATING

ALTITUDES OF FUTURE SUPERSONIC TRANSPORTS--

ONE MOLECULE OF OXIDES OF NITROGEN (NOx) IN THE

AIRCRAFT EXHAUST COULD DESTROY MANY MOI, ECULES

OF OZONE. LEWIS RESEARCH CENTER'S RICHARD

NIEDZWIECKI DISCUSSES NASA's EFFORTS TO

STUDY TECHNOLOGY FOR JET ENGINES THAT WOULD

EMIT VERY LOW LEVELS OF NO x WHILE OPERATING AT

HIGItLY EFFICIENT ENGINE CYCLES.

>.

attempting to eliminate.

Another challenge is that

combustors are required to

operate in a very wide

range of conditions:

Taxi/idle and altitude relight

require operation at very

low temperatures and

pressures; takeoff and

cruise require operation at

very high pressures and

temperatures. A positive

feature of the LPP concept

LPP Combustors

is that little if any soot will

be produced. Soot may

also present environmental

problems in the stratosphere.
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When the fuel and air com-

bine to produce a perfect

homogeneous mixture,

the ability to operate over

wide ranges is very much

reduced. An LPP system

most likely has to be part

of a system that incorpo-

rates another burner, prob-

ably in a parallel staged

configuration.

An RQL system is more

difficult to optimize in ini-

tial, fundamental

experiments. It has

two burning zones.

In the first, excess

fuel is put into a

relatively small
amount of air.

Reactions occur in

this very rich envi-

ronment. That

causes the chem-

istry to take certain

paths which do not

produce NOx.
Downstream, air

has to be added to

complete the reac-
tions. This has to

be done quickly and

uniformly to mini-

mize any additional

NO x formation.
And that is what's

difficult to do

There is also a final

burnout stage,

so the system is

complex.

Another problem

exists in the rich-

burn section: You cannot

add additional air to cool

the walls of the combus-

tion system internally. So

advanced high-temperature
materials are a critical need

for the area.

Our LPP experiments

here at Lewis have pro-

duced tremendously

encouraging results. We've

indicated we can get down

to NO x levels within our

objectives. RQL combus-

tor experiments are not as

far along. It has taken a fit-

tie longer to set up for

those, and the NOx results,
while not quite as low as

the LPP, are well within our

program goals.
In terms of soot forma-

tion, we anticipate that

RQL combustors probably

will produce levels compa-

rable to current engines:
below the visible threshold,

but by no means the very

small concentrations an

LPP would produce. On

the other hand, from an

operational safety stand-

point, you wouldn't have a

combustible mixture

upstream of the burning

zones.

So each concept has

pluses and minuses. These

tests, along with analytical

studies we're doing now,

will give us sufficient infor-
mation to choose which of

these combustion systems

is going to be the prime

concept by the end of

FY 1992. _-
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TOMORROW'S ENGINES--A MATERIAL ISSUE

The sleek shape and jum-

bo-jet size of next-genera-

tion supersonic transports

probably will make them

the most visually impres-
sive aircraft in the skies.

One thing that observers

won't see, however, is the
new class of materials that

will make the planes'

engines fuel-efficient and

compatible with the envi-
ronment.

The powerplants will be

some of the most complex

structui'es ever used on

commercial aircraft. They

will place severe demands

on the performance of their
structural materials.

For example, both low-
emissions combustor con-

cepts that NASA is study-

ing in the High-Speed

Research Program preclude

the internal cooling found in

the combustors of today's

aircraft. Similarly, a high-

speed civil transport will

have noise-suppressing

exhaust nozzles that will

be long and mechanically

complex to reach the

desired sound levels.

They will require much

lighter-weight, higher-tem-

perature materials than

those now available if the

engines are to be economi-

cally practical.

Advanced engine mate-

rials must meet a third cri-

terion: durability. The use-

ful life of commercial air-

craft engines is typically
measured in tens of thou-

sands of flight hours. Stud-
ies have estimated that

future supersonic transport

powerplants must have an

18,000-hour service life to

be economically feasible...

and they would run 90 per-

cent of that time near maxi-

mum operating tempera-
tures !

NASA's Enabling

Propulsion Materials (EPM)

program is a major new FY

1992 initiative involving
General Electric Aircraft

Engines, Pratt & Whitney
and NASA's Lewis

Research Center. It is

aimed squarely at the

unprecedented technical

challenges posed by super-

sonic transport engine

requirements. The timing

is right for the effort; the

development and introduc-

tion of new materials nor-

mally take from 12 to 15

years.

Part of the EPM pro-

gram focuses on ceramic

matrix composites (CMCs)

that could operate

uncooled in the very high

temperatures of low-emis-

sion jet engine combustors.

Early work will focus on

developing strong, small-

diameter fibers that have

thermal stability and creep
resistance from 2375 ° to

3000 ° F. The program will

eventually fabricate CMC

components for proof

testing.
EPM also will research

intermetallic matrix com-

posites (IMCs) for use in

advanced noise-reducing
nozzles. IMCs have a lower

density than current super-

alloys and promise good

resistance to oxidation at

anticipated high-speed

transport engine operating

temperatures. But the

thermal expansion differ-
ence between the matrix

and fibers often limits their

usefulness. This thermal

mismatch will be a key re-

search area in the Enabling

Propulsion Materials pro-

gram.

Composites offer poten-

tial strength-to-weight

improvements of 30-40

percent compared with

today's superalloys. They

also promise significant
benefits in structural

weight reduction: For

every one-pound decrease

in engine weight, the gross

weight of a next-generation

supersonic airliner would

drop by nearly 16 pounds. •

The "Rich-Burn,

Quick-Quench,
Lean-Burn"com-

bustor concept

would require

ceramic matrix

materials able

to operate for
18,000 hours at

temperatures up
to 3000° F.

Ceramic matrix
composite liner

Fuel rich zone 3500°F
reducing environment

Target 18,000 hours life
NOx emission index <5

Fuel lean zone 3100°1=
oxidizing environment
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TECHNOLOGY

ADVANCES TO

PROTECT THE

ENVIRONMENT

The most critical technology

area in NASA's High-Speed

Research Program focuses on
advanced combustion con-

cepts to reduce NO x emis-

sions from aircraft engines.

This effort involves laboratory

experiments using sophisticat-

ed instruments to study and

develop burning processes
that will control combustion

byproducts. The goal: Cut

NO x emissions by 90

percent.

The key is to burn the fuel in

a way that avoids excessive

flame temperatures, which

produce NO x at a high rate.

NASA is perfbrming laborato-

ry tests on two especially

promising low-emissions con-

cepts. The Lean-Premixed-

Prevaporized (I,PP) combus-

tor (combustion chamber)

mixes fuel and air upstream

of the burning zone and
allows sufficient time for the

liquid fuel to vaporize com-

pletely. The mix of fuel and
air then enters the combus-

tion system and ignites down-
stream of a flame stabilizer

where the flow velocity is

somewhat slower.

The Rich-Burn, Quick-

Quench, Lean-Burn (RQL)

concept has two combustion

stages. In the first, excess fuel

is put into a small amount of
air; this "rich burn" environ-

ment generates chemical

reactions that minimize NO x

fi)rmation. Downstream, air is

added quickly and unifi)rmly

and combustion is completed

in a final fitel-lean stage.

The goal of noise reduction

efforts in the I ligh-Speed

Research Program is to

achieve noise impacts compa-
rable to the F,,Dk FAR 36-

Stage 3 regulation--the cur-

Flame tube rig at
Lewis Research

Center has tested

the Lean-Pre-

mixed-Prevapor-

ized (LPP)engine

concept. The goal
is to decrease

NOx emissions to

Jessthan 8 grams

per kilogram of

fuel burned.

rent rule for new subsonic air-

craft. In preliminary tests at

Lewis and at a Boeing

research facility, acoustic eval-

uations of small mixer-ejector

nozzle models have reduced

jet noise by 12-18 dB.

Engineers at NASA's Langley
Research Center have also

evaluated a series of generic

subscale nozzle configura-

tions that have many features

tested at Lewis and in indus-

try. Researchers made diag-

nostic measurements to

understand better the physics

of each configuration.

THE SONIC BOOM

CHALLENGE

It's a fact: supersonic trans-

ports create a sonic boom.

Over water on transoceanic

air routes, shock waves gener-

ated during supersonic flight

pose little problem. But the

plane's economic viability

would be enhanced if sonic

boom levels could be reduced

to a level that makes overland

flight possible.

One part of NASA's research
in this area deals with the

boom noise that would be

acceptable to people living

beneath the flight path. Since

1989, Langley has used a son-

ic boom simulator to test

human response to the

booms' acoustic energy under
controlled conditions.

Volunteer test subjects sit in

an enclosure lined with

sound-absorbing foam while

large loudspeakers mounted

in the door emit low-frequen-

cy noise. The Langley tests

simulate a wide range of

potential boom signatures

that have been shaped by the

careful design of supersonic

transport concepts to mini-

mize ground noise levels. The
results so far show that "boom

shaping" is a promising

approach that may make

overland supersonic flight

possible.

Tim shaping of the wing and

fi_selage of a supersonic trans-

port to reduce boom levels is

a complex aerodynamic task.

In 1990, NASA began a series

of wind tunnel tests at Lang-

ley and Ames Research Cen-
ters to evaluate low-boom

configurations. Two 1:300

scale models are being stud-

ied; unlike earlier HSCT

models, they have realistic air-

plane features such as flow-

through engine nacelles.

The miniature aircraft are

nearly three times larger than

any previous boom models, so

researchers expect the mod-

els to yield greater accuracy

than those studied in prior

tunnel evaluations.

SUPERSONIC LAMINAR

FLOW CONTROL

A supersonic transport zoom-

ing though the atmosphere at

twice the speed of sound is

extreme[)' sensitive to aerody-

namic drag generated by air

friction on the airplane's skin.

One way to reduce drag--and

increase an aircraft's fuel effi-

ciency-is to siphon off the

turbulent airflow over the

wings to produce smooth or
"laminar '+flow.

29



NASAistestingthefirst
experimentalwingsurface
designedtoimprovelaminar
flowatsupersonicspeedson
twoF-16XLresearchaircraft
atAmes-DrydenFlight
ResearchFacility.The"XL"is
adelta-wingedderivativeof
theGeneralDynamicsF-16
fighterinsere'icearoundthe
world.

Thesingle-seatF-16XL#1has
atestsurface,or"glove,"fit-
tedtoitsleftwing.Asuction
systemdrawsturbulentsur-
faceairthroughmillionsof
tiny laser-cut holes ill tile test

section. The outcome:

improved laminar airflow

over that part of the wing.

Researchers expect the flight

experiments to validate com-

puter codes that will aid the

design of future supersonic

airliners. The second F-16XL,

a two-seat version, is now

heing modified with a slightly

different type of laminar flow

test section that more closely

represents tile apparatus that

could be mounted on a high-

speed civil transport.
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THE OUTLOOK

FOR HIGH-SPEED

TRANSPORTATION

Developing a high-speed civil

transporl will he an expensive

proposition for the American

aerospace industl T. There

may, in fact, be some interna-

tional cooperation to improve
the chances of commercial

StlCCeSS.

But this won't diminish the

haule tor leadership in such a

ventttre considering the

potential muhibillion dollar

market at stake. The agency is

committed to helping its

industt T partners protect sen-

sitive information that could

afli:ct U.S. cotupelitiveness in

the higil-speed marketplace

<)f the limlre.

"File I ligh-Speed Research

Program is the cornerstone of

NASA's aeronautics program
fi)r the 1990s. The environ-

mental and technology' issues

are extremely challenging,

httt the agency has committed

some of its most advanced test

facilities--and some of its hest

people--to the task.

Assmning the program con-

tinues to progress and no
insurmountable envir<)mnen-

lal barriers to a supersonic

transport fleet arise, tile next

step would be a NASA/indus-

tl_,, technoh>gy development

effort fi>cused more on possi-

ble vehicles. It would provide

a technical fotmdation that

the nation's aerospace COIll-

panies ('till IISe It) lnake sound

business decisions about air-

fiame and engine prograrns.

With that technology' in hand

by the end of this decade, the

first American-made super-
sonic airliner could roll ()tit of

the hangar by tile year 2005--

and a new chapter in the his-

tory of air transportation will

have hegun.
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1:300-scale model

in Langley's

Unitary Plan Wind

Tunnel has long

fuselage and slen-

der forebody typi-

cal of low-boom

high-speed civil

transport configu-

rations.

NASA selected

the F-16XL for

supersonic lami-

nar flow control

(LFC) studies

because its wing

shape approxi-

mates that pro-

posed for a next-

generation super-

sonic transport.

The two-seat air-

craft shown here

will be fitted with

an LFC glove for

future tests,
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HIGH-PERFORMANCE MILITARY AIRCRAFT

Building on its NACA her-

itage, NASA aeronautics

research on high-perfor-

mance aircraft has always

been closely linked with simi-

lar efforts in industry and the

Department of Defi:nse.

Often the agency's programs

address problems in per-

formance or capabilities that

face existing military aircraft.

Just as frequently, that respon-

sibility is mixed with the excit-

ing challenge of researching

and developing new technolo-

gy to ensure American pilots

fly the best aircraft in the

world.

Of course, technological

advances in high-performance

aircraft don't happen in a vac-
uum. The results of NASA's

research in this vital national

area frequently can be

applied to other classes of'

aerospace vehicles, both mili-

tary and civilian.

NASA's recent research in the

high-performance arena has

had outstanding success in

several i m portan t areas:

• fIigh-alpha flight

• Technology to enhance

the maneuverability of

high-performance aircraft

• Technology to increase

military aircraft survival

and performance

• Supersonic STOVL (Short

Take Off and Vertical

Landing) aircraft

• Advanced rotorcraft

technology

X-29 forward-swept-

wing research aircraft

in high angle-of-attack

flight.

PREPARING TECHNOLOGY OPTIONS FOR

FUTURE HIGH-PERFORMANCE AIRCRAFT AND

ROTORCRAFT

HIGH-ALPHA RESEARCH

PROGRAM

Angle-of-attack is the tilt of a

plane's body and wings rela-

tive to its direction of flight. A

pilot's ability to control an air-

craft at high angles-of-attack

(also called "high alpha" by

engineers) may be an advan-

tage in air-to-air combat. But

the high-alpha regime poses

unique and difficult chal-

lenges to aerodynamicists'

understanding of what hap-

pens to a plane at such angles-

of-attack.

Since 1987, NASA has been

conducting an aggressive

high-alpha research program.

The effort involves supercom-

puters that perform computa-

tional fluid dynamics (CFD)

simulations, wind tunnel tests,

runs in flight simulators and
research aircraft tests.

In the last two years, NASA's

research has focused on gath-

ering data in flights by a spe-

cially modified F/A-18 High-

Alpha Research Vehicle

(HARV)based at NASA's

Ames-Dryden Flight Research

Facility. In turn, that informa-

tion refines CFD codes and

validates continuing wind
tunnel tests.

For example, in mid-1991

NASA began testing an actual

F/A-18 in the giant 80x120-
foot section of Ames Research

Center's National Full-Scale

Aerodynamics Facility. The

wind tunnel studies are de-

signed to correlate data fi-om

small-scale tunnel tests and

the F/A-18 HARV missions.

The Ames investigations also

will develop a data base on

forebody flow control, that is,

using devices to modify the

airflow around a plane's nose;

researchers believe forebody

flow control techniques can

increase an aircraft's control-

lability in high-alpha flight. A

third purpose of the tunnel

tests is to study the aerody-

namic tail buffeting experi-

enced by twin-tailed fighters

such as the F/A-18.

X-29

Tests with the second of two

X-29 research aircraft also

looked at the high-alpha

regime, but for different rea-

sons. The X-29 investigated

the high angle-of-attack char-

acteristics and military utility

of its unique forward-swept-

wing/canard shape.

There were attempts to come

up with practical forward-

swept-wing military aircraft as

long ago as World War II. But
not until the arrival of com-

posite materials in the 1970s

could engineers design a wing

that bad sufficient aeroe[astic-

ity to withstand the stresses

imposed by forward sweep.

Grumman Aircratt Corpora-

tion built two X-29s under a

contract with the Defense

Advanced Research Projects

Agency (DARPA). The first

aircraft flew in December

1984, the second in May 1989.

The #1 X-29 validated predic-

tions about the performance

of the forward-swept-wing con-

cept in 242 flights through
December 1988---a record for

any X-series plane at Ames-

Dryden.
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HIGH-ALPHA FLIGHT RESEARCH

Wind tunnel tests and

computer simulations give

us a good approximation of

a plane's high-alpha charac-

teristics. But it's very hard

to duplicate the atmo-

spheric conditions and the

aircraft's dynamic response

in that regime on the

i ground. There are also dif-

ferences of scale in the air-

flows. So we still need to

i fly the F/A-18 High-Alpha
Research Vehicle to verify

our previous calculations

and gather data that help

us refine those computa-
tional models.

In the first phase of

flights, from April 1987 to

September 1990, we got
a tremendous amount of

information about the

basic aerodynamics of the

F/A-18 aircraft at angles-of-

attack up to 55 degrees.

The airplane was highly

instrumented with pres-
sure orifices on its surface.

We also visualized the air-

flows with dyes and smoke

emissions. Up to 55

degrees, we now know

the airplane very well; it's

SINCE 1987, NASA IIAS USED A SPECIALLY MODIFIFD

F/A-18 HORNET TO EXPLORE THE IN-FLIGHT PERFOR-

MANCE OF A MODERN AIRCRAFT DESIGN AT HIGtf

ANGLES-OF-ATTACK. JENNIFER BAER-RIEDHART AT AMES-

DRYDEN FLIGtlT RESEARCH FACILITY, TIlE AIRCRAFT'S

IIOME BASE_ EXPLAINS WIlY THE CONTINUING I'ROGRAM

OF FLIGHT TESTS IS SO IMPORTANT.

fairly maneuverable and

easy to operate.

When we started the

program, the computational

fluid dynamics (CFD) work

for high-alpha conditions

was pretty much nonexis-

tent. One significant

result of the flight tests is

that we've now developed

a good CFD code for the

aircraft itself, so that we

can model its response at

even higher angles-of-

attack.

In the second phase of

flight tests, which started

in 1991, we mounted

thrust vectoring vanes
around the exhaust nozzles

of the F/A-18's engines,

The advantage of thrust

vectoring is that it gives us

control we don't have with

the aerodynamic surfaces

alone at high angles-of-

attack. It also gives us addi-
tional control of the aircraft

itself even at lower angles
of-attack.

In 1991 and 1992, we

are expanding the flight

envelope beyond 55

degrees alpha and the cur-

rent 25 degrees per second

yaw rate using the thrust

vectoring vanes. We hope

to get actual research data
on the aircraft. The ultimate

goal is to get up to 70

degrees alpha in stabilized

flight and see what hap-

pens to the flow at that

very high angle-of-attack.

After the thrust vector-

ing flights, the next step

will be to look at forebody

controls: using tangential

blowing and mechanical

devices to modify the air-
flow around the nose of

the F/A-18. These are

much lighter installations

than the thrust vectoring

system and they're what

we call "nonintrusive."

There's no hardware on

the back of the airplane
to intrude on the exhaust

and cause a loss of power
when the thrust is vec-

tored.

Also, the center of gravi-

ty in newer aircraft is such

that the forebody moment

arm is much longer com-

pared to older types. We

don't need much of a push

up front to get a lot of con-

trollability out of it.

From NASA's stand-

point, we're trying to pro-

vide a data base, the codes

and tools that industry can

use. Eventually, we hope

that engineers will be able

to go into the CFD codes

that have been established

to look at the high-alpha
characteristics of advanced

aircraft designs. They may

be able to build a single
wind tunnel model rather

than putting a lot of money
and effort into extensive

tunnel and flight test work.

Designers should also be
able to do tradeoff studies

and analysis work before

they cut metal. _-

F/A-18 High-

Alpha Research

Vehicle with

thrust-vectoring

system,
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Early-morning

"hot tests" on

the FIA-18 HARV

show exhaust

plume deflection

by thrust-vector-

ing paddle vanes.

Inconel steel

paddles can

withstand

temperatures

up to 2000 ° F.

37



HIGH-PERFORMANCE

The #2 X-29 began a series of

high-alpha investigations late

in 1989. The plane was

equipped with an antispin

parachute system, and its

computers were loaded with

new flight control laws

derived from flight tests of a

22-percent-scale drop model

at NASA's Langley Research
Center.

NASA, Air Force and Grum-

man pilots have found that

the X-29 has better controlla-

bility in the high-alpha

regime than computer simu-

lations and wind tunnel tests

had predicted. Interestingly,

the X-29 handles well in high-

alpha flight without leading

edge slats for more lift and

thrust vectoring vanes to

change the direction of its

exhaust. Both devices

increase stability and control

at high angles-of-attack.

NASA assumed

responsibilityfor

flight research
with the X-31 at

the end of 1991.

THE FUTURE OF NASA'S

HIGH-ALPHA RESEARCH

NASA has agreed to assume

responsibility for flight tests
of the X-31 research aircraft

from the Department of

Defense. The X-31, built by
Rockwell International and

the German firm Messer-

schmitt-Bolkow-Blohm

(MBB), is designed to demon-

strate post-stall controllability

and the combat uses of good

high-alpha maneuverability.

The plane will join the other

high-alpha research aircraft

at Ames-Dryden.

INCREASED

MANEUVERABILITY

Supersonic aircraft usually

have highly swept wings with

sharp leading edges. At lower

speeds, however, airflow over

the wings separates and forms

vortices over the wings' upper

surface. The result: a slight

increase in lift, but a sig-

nificant penalty in drag.

In 1991, Langley Research

Center completed the Vortex

Flap program, an important

effort to improve the aerody-

namic performance of super-
sonic aircraft at transonic and

subsonic speeds. Through
CFD simulations and wind

tunnel tests, Langley

researchers developed a care-

fully shaped flap that traps a

tornado-like swirl of air called

a vortex. The goal was to

increase lift-to-drag ratio.

WIlY ttlGII-AI.PIIA ?

Although the United

States dominated the skies

in the Gulf War, it doesn't

pay to be complacent.

Somewhere... someday...

American fighter pilots may

have to engage a well-

trained enemy air force

ready and willing to use

high-tech aircraft and

weapons.
NASA's research on how

aircraft perform in high

angle of-attack ("high-

alpha") flight is aimed

squarely at building a data

base that industry can use

to design superior military

fighters.

In air-to-air combat, a vic-
i

torious pilot is usually flying
, a more maneuverable--not

necessarily faster--aircraft

] than his adversary. A full-

blown dogfight can cover

miles of airspace and

involve many high-g turns

and loops. That's where

superior performance in

high-alpha flight may be a
decisive factor.

The high-alpha regime

(greater than about 55

degrees angle-of-attack)is

an unfriendly place for

most of today's high-per-
formance aircraft. As a

plane increases its "alpha,"

the wings start to rock; one

wing drops, gets a bit of lift

and comes back, dropping

the other wing, Air stops

flowing over the wings and

the plane stalls, literally

falling out of the sky.
The effect on combat

capability is significant. A

pilot must make wider

turns and loops because he

can't pull the plane up any

higher than the 55-degree
limit. If he does and the

plane stalls, an adversary

may seize the advantage
and attack.

An aircraft with good

high-alpha handling charac-
teristics can reduce the

time a pilot needs to

maneuver into position to

fire at the enemy. Forl

example, he could pitch the

prane's nose up to 70

degrees angle-of-attack in

level flight, almost stopping
in mid-air. Using the flight

controls, he could kick the

aircraft around, point at the

adversary and shoot.

Exceptional high-alpha

performance also lets a

fighter turn corners more
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quickly because the pilot

can roll the plane about the

vector axis and go back the

way he came. And there's

a bonus: high-alpha turns

normally put less stress on

the aircraft, resulting in a

longer usable service life.
NASA researchers are

feeding the results of high-

alpha wind tunnel tests and

flight research back into

computational fluid dynam-

ics (CFD) computer codes

that are used to predict

aerodynamic performance.

The goal, of course, is to

make the CED codes

reflect as accurately as

possible what will happen

to a plane in the high-alpha

regime.

Eventually, industry will

be able to run computer

simulations in many in-
stances as an alternative to

wind tunnel tests. They'll
also be able to do tradeoff

studies before the compa-

ny ever "bends metal":

How maneuverable should

the plane be for its particu-
lar mission? How much

high-alpha capability can be

designed into the aircraft

for a specific cost limit?

CFD predictions will nev-

er completely replace flight

tests because of scaling
effects. But thanks to

NASA's research, the

designers of future proto-

type aircraft can be confi-

dent that they know their

plane's high-alpha perfor-

mance before the proto-

type ever takes wing. •
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NASA selected its veteran

F-106B research aircraft at

Langley to validate the vortex

flap concept. The 106's swept-

back delta wing planform was

considered representative of

aircraft that might benefit

from the design. The plane's

wing leading edges were

removed and replaced with

vortex flaps that could be

adjusted for different test con-
ditions before takeoff. The

right wing was mounted with

surface pressure instruments.

The left wing was equipped
with accelerometers and

strain gauges to monitor
structural loads and defor-

mation.

The F-106B made 93 vortex

flap research flights from

August 1988 to February 1991;

engineers checked the aero-

dynamic performance of the

flap and mapped the airflow

for selected flap deflection

angles. The tests proved that

F-IO6B vortex flap

research model in

langley Research

Center's 7xlO-foot

High Speed Tun-

nel. Downward-

pointing flap traps

a vortex spanwise

across its leading

edge.

the vortex flap does have sig-

nificant performance benefits,

and answered aerodynami-

cists' questions about its

impact on handling qualities

and flight characteristics of a

supersonic aircraft. The

results will apply to future

supersonic military and civil-

ian aircraft.

INTEGRATED

CONTROLS = BETTER

SURVIVABILITY AND

PERFORMANCE

Flying today's fighter and

attack aircraft puts a heavy

workload on the pilot. There

are throttle setting changes to

make, engine temperatures to

watch and fuel usage to moni-

tor. If one of the plane's flight
control surfaces fails or is

damaged in combat, the pilot

often has his hands full just to

keep the plane in the air.

Thrust Vectoring System Canards Direction of Thrust

{WS) Paddles

In level flight (left}, an aircraft specially equipped for high-alphamaneuvers doesn't need to use its canards (small

wings on the forward fuselage} or its thrust vectoring system (IVS) paddles. As the aircraft pitches u0 and con-

tinues forward {center), the airflow starts to separate from the nose; the canards and paddles automatically

deflect to keepthe planeunder control. At about 70degrees angle-of-attack (right),airflow separation from the

nose and upper wing surfaces increases but the canards and thrust vectoring system maintain the desired atti-

tude. TheTVS also lets the pilot yaw the aircraft around in high-alphaflight to point the nose at an adversary.
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During late 1989 and early

1990, NASA investigated what

may ultimately be a major

breakthrough in airborne

flight control capability: tile

Self=Repairing Flight Ccmtrol

System (SRFCS). Tile pro-

gram, sponsored by tile U.S.

Air Force, proved the ability

of a flight control system to

identify a failed component,

isolate it and reconfigure the

ailerons, rudders, elevators

and flaps to continue the air-

craft's mission or let the pilot

land safely.

When tile system sensed a
failure, it selected the best

precomputed solution fi_om a
set of control laws loaded into

the F-15's flight computer.

A display in tile cockpit

informed tile pilot of the con-

trol surf'ace reconfiguration

and displayed resuhing opera-
tional limits such as reduced

"g" loading, angle-of-attack

maneuvering restraints or

decreased airspeed and ahi-

tnde margins.

NASA F-15 istest-

ing its Perfor-

mance Seeking

Control (PSC)sys-
tem. PSC uses

integrated control
laws to ensure

that peak engine

and maneuvering

performance is

always available

regardlessof the

mission or imme-

diate needs,

SRFCS also could monitor

aircraft subsystems, which

allowed the system to diag-

nose and identifv failures that

could be hard to repeat and

isolate during postflight

maintenance.

An advanced self-repairing

system must be thoroughly

tested before the technology
is used in future aircraft

designs or retrofitted to exist-

ing aircraft. The envelope of

an operational SRFCS could

include landing tasks, super-

sonic speeds and automatic

terrain-awfidance and terrain-

following modes.

Besides NASA and tile Air

Force, Mcl)onnell Aircraft

Company and (,eneral Etec-

tric's Aircraft Control Systems

l)ivision also participated in

the SRFCS research.

4O

PERFORMANCE

SEEKING CONTROl.

The F-15 began a program

called Performailce Seeking

Control (PSC) in mid-1990 to

optimize total aircraft engine

performance during steady-

state engine operations. The

system is linked with the

plane's digital flight control.

inlet control and engine con-

trol systems.

Flight tests have shown that

PSC dccrcascs fuel use in

crnise conditions and maxi-

mizes excess ttntlS[ during

accelerations, climbs and

dashes. It also may extend

engine lit_" by reducing tile

thn tmhine inlet temperature.

NASA's PS(: research

includes developing methods

in the digilal engine control

sysleln to detecl ('Onll)Ollenl

degradation. This inlorma-

tiou, coupled with normal

prew'ntive maintenance, will

help ensure thil-sate prol)ul-

sion systems in high-perior-
manet aircrat] of the tutme.
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Performance seeking control

systems apply to a variety of

aircraft. Planes with lhrust

vectoring propulsion sys-

tems-where flight and

engine control integration is

essential--would benefit

most. PSC also could find its

way aboard supersonic cruise

transport aircraft aud u'ansat-

mospheric vehicles such as

the National Aero-Space

Plane (NASP), where large

operating envelopes and a

limited engine data hase

make engine trim fimctions

ditficuh. Once developed,

PSC systems may increase

engine thrust to 15 percent

and cut fuel consunlption up

to 20 percent.

PSC research flights with the

NASA F-15 are expected to

continue until early 1992.

NEW DATA SYSTEMS

Some of NASA's research to

give U.S. aircraft better per-

formance is))'! dramatic, but

it's no less important. For

example, in 1991 the agency

began evaluating a ttnique

Optical Air Dala System

(()ADS) that uses laser light

instead t)f air pressure to give

pilots airspeed and attitude

information. DARPA spon-

sors the project.

The external tubing of stan-

dard ;tic pressure systems dis-

turhs the airflow over a_l air-

craft. The openings also must

be cleaned of insects and

debris fi'equenfly to C'llSllre
acctn'ate data collection.

()ADS, howeww, is entirely
within the airframe of a

NASA F-104 research aircraft

at Ames-D_yden. The laser

beanls p,oject through lenses

and windows, st) external

illainlella.llce is minimal.

Tile system fbcuses two sheets

of htser light ("sheet pairs")

several feet away tiom dw
side of the aircraft. A._ micro-

A pilot prepares

for a rotorcraft

nap-of-the-Earth

simulation in the

Vertical Motion

Simulator at

NASA's Ames

Research Center.

/

scopic particles pass between

the beams, OADS measures

their direction and speed and

processes the data into stan-

dard airspeed and angle-of-

attack displays.

ROTORCRAFT

TECHNOLOGY

In combat, helicopters must

be able to penetrate enemy-

held areas at low levels Io

avoid detection. The diffi-

cttlty of flying close It) the

ground is magnified at night

or during adverse weather.

Pilots currently use terrain-

fi)llt)wing radar, fi)rwardqook-

ing infrared (FLIRt syslems

and night vision goggles 1o

help them in making low-lev-

el penetrations. But what if

they had the t)ettefit ofa sys-

tern that would automatically

hug the terrain according to

a preprogrammed digital

map t)f the threat area--
much like the vaunted Toma-

hawk cruise missiles did in

the Gulf War?

That's the goal of NASA's

Automated Nap-of-tile-Earth

(NOE) program, a low-ahi-

rude guidance concepl tim!

lakes advantage of terrain

knowledge to guide heli-

copter trajectories. Over the

last few years, the basic com-

puter algorithms and displays

have been developed by

researchers and tested by

NASA, Armv and Air Force

pilots.

ht 1990, NASA and tile U.S.

Arnty agreed co do a.join!

,t 1
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One of our primary efforts

here at Lewis has been

research on hot-gas inges-
tion. When an aircraft is

doing a vertical landing, the

jets exhaust downward, the
exhaust reflects off the

ground, then recirculates

back up into the engine
inlets. This causes either

engine stability problems or

a loss of performance.

We've been investigat-

ing the hot-gas ingestion

phenomenon itself, looking

at devices for deflecting

the hot-gas away from the

inlets and developing new

facility techniques. In the

past 18 months, we've

installed a remote control

model positioning system

that can handle a full jet

pressure ratio and tempera-

tures up to 1000 ° F. We've

also put in a laser light

sheet full-visualization sys-

tem to help us see where

, the hot-gas is going and

! see the whole field around

the aircraft. We obtained

11| W | |t_|]_ [Ikllll| |1 | [11 tl i |1 H |ll I|| | || I [_.l | RILl l] l_[H|

WHAT IF WE COULD TAKE THE COMBAT PROWESS OF AN F-16 OR AN

F/A-18 FIGHTER AND GIVE IT THE ABILITY TO MAKE VERY SHORT

TAKEOFFS AND VERTICAL LANDINGS? THAT'S BEEN THE THRUST OF

NASA's SUPERSONIC STOVL RESEARCH EFFORTS FOR NEARLY SIX

YEARS. PETE BATTERTON OF NASA's LEWIS RESEARCH CENTER

RECAPS THE PROGRAM'S RECENT PROGRESS.

excellent data from several

runs in Lewis's 9x15 wind

tunnel.

Ames Research Center

also has done a lot of paral-

lel small-scale ground ef-
fects work in terms of

"fountain suckdown."

When there are a number

of jets impinging on the

ground, the flow runs along
the surface. If it runs

together, it creates a foun-

tain, that is, a reflection

of the flow that reflects

back up and pushes up
on the bottom of the air-

craft. The induced flow

over the aircraft tends to

create a negative pressure

under the aircraft--hence

the term "suckdown."

Another area in which

we've made a lot of

progress--though we're

still waiting for the final

proof of testing--is inte-

grated controls. When a

STOVL aircraft is coming in

for a landing, the aerody-
namic control surfaces are

no longer effective because

there's no air speed. So

you're dependent on the

aircraft's jets to provide

attitude control; essentially

the propulsion system is

your flight control system.

We've been developing

and extending some tech-

niques called Design

Methodology for Integrated

Control Systems that were

originally started by the Air

Force. We're extending

that type of design for the
transition hover control

problem, working this pro-

gram jointly with NASA's
Ames Research Center.

NASA recently complet-

ed the ejector augmentor

program that we started

with Canada several years

ago. An ejector is a 0evice

that uses a small amount of

high pressure (primary) air

to move a large quantity of

low pressure air, which is
more efficient for hover.

The program originally

began at Ames; in fact, the

full-scale General Dynamics
E-7 model was built and

successfully run in their
40x80 and 80x120 wind

tunnels.

Lewis's role was to vali-

date the ejector perfor-

mance claimed by the
Canadians. We evaluated

both cold and hot primary

jet s and measured perfor-

mance effects, tn previous

efforts with the ejectors,

the process of going from
scale models to full-scale

ejectors just didn't work.

This ejector performed very
well and I think that the E-7

represents a fairly viable

ejector augmentor configu-
ration STOVL aircraft

Lewis recently has

begun a lot of work with

flight experiment of the NOE

concept on an Army UH-60

Blackhawk helicopter. To pre-

pare for the flight tests,
NASA's Ames Research Cen-

ter has done two detailed

operational evaluations of the

NOE algorithm in its Vertical

Motion Simulator (VMS).

The first simulation was done

in June 1990. Pilots flew typi-

cal missions using a UH-60

model, a helmet-mounted dis-

play and a terrain model of

the Carlisle, Pennsylvania

area where the actual flights

will take place.

The second series of' comput-

er-generated flights includes

an interface with a replica of

the Blackhawk's flight com-

puter. The tests are validating

the flight software and are

being used to develop a

detailed flight test plan.
Ames has also done studies of

advanced high-speed rotor-

craft concepts that could find

their way into civil and mili-

tary use. The work addresses

technology issues such as drag

and propulsion performance,

acoustics, dynamics, materials
and structures.

SHORT TAKEOFF/

VERTICAL LANDING

(STOVL)

With its short-field takeoff

and vertical landing ability,

the AV-8B Harrier has been a

stalwart of Marine Corps avia-

tion for years, but it isn't

designed to exceed the speed
of sound.

Since the mid-1980s, NASA

has been researching designs

and technology that would

give the nation's air forces a

supersonic STOVL capability.

A five-year joint STOVL effort

between the United States

and the United Kingdom end-

ed officially in January 1991.
Both countries worked on
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exhaust system scale mod-

els, looking at the flow

properties and performance

parameters for the vertical
thrust nozzles themselves.

These nozzles are required
for a STOVL aircraft in a

hover mode. CFD comput-

er codes will be key to

analyzing and designing the

complex exhaust ducting

used by most of the STOVL

propulsion concepts. At

Lewis, we're emphasizing

the PARC 3-D {computer

code) because of its excel-

lent documentation and

good reliability. We're

working on internal flow

parametrics with that code

almost exclusively
I think that NASA's

supersonic STOVL work is

really leading the way,

We're trying to show the

Department of Defense

(DoD) that these problems
are solvable now. When

DoD defines their next

fighter's requirements,

they should consider

whether they want to

have the vertical landing

capability or not
That's NASA's ultimate

goal: to provide that option

for them. _-

Laserilluminates

exhaust from

full-scale E-7

STOVL configu-

ration at Ames

Research

Center.

common challenges such as

integrated controls, ground

effects, engine gas ingestion
and the acoustic environment

around potential aircraft

designs.

As intended, the research did

not zero in on any one

propulsion concept, but

determined the strengths and

weaknesses of four different

systems:

_- Ejector augmentors

_- Hybrid tandem Pans

> Remote augmented lift

systems
> Mixed flow vector thrust

systems

The ejector attgmenmr con-

cept was also the foctts of a

joint U.S./Canadian research
effort that included tests of a

full-scale model of the E-7, a

transonic configuration. An
issue that surfaced in the E-7

program was the large, bulky

size of the ejector systems.

More research will be needed

if the design is to be practical

fl)r timlre milita D, aircraft.

Ames Research Center's

V/STOL Systems Research

,,Mrcrafl (VSRA), a high]y

modified proto_,pe Harrier,

recently began tests to charac-

terize the exhaust plume of

V/STOI. aircraft with

infrared cameras. The \,'SI,L&

is also being used to ewduaw

advanced cockpit displays and

integrated flight,/propulsion

contro]s.
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HYPERS ONIC/TRANSATMOSPHERIC VEHICLES
i

|n March 1991, senior offi-

cials from NASA, the Depart-

ment of Defense, the Air

Force and industry--even the
President's Science Advisor--

appeared before Congress

and testified with one voice:

The National Aero-Space

Plane (NASP) program is a

high-priority national endeav-

or that is making excellent

progress and has their fifll

support.

The NASP program is geared

toward production of a sleek

flight research vehicle desig-

nated the X-30, which will

make its first flight in the late

1990s. Its ultimate goal is to

develop and demonstrate the

technologies for single-stage-

to-orbit flight; NASP will take

off like an aircraft, accelerate

into Earth orbit using super-

sonic ramjets (scramjets) as

its primary propulsion, then

return through the atmo-

sphere for a runway landing.

The program is now in the

middle of its technology

development and verification

phase. Researchers are

acquiring data, defining vehi-

cle systems and settling on

engine and airframe designs.

A Presidential decision to

buiht and flight test the X-30
is slated lot late 1993.

NASP nozzle tests at

Lewis Research

Center focused on

operating character-
istics from takeoff to

about Mach 2. To

reduce transonic

drag, hydrogen fuel

is burned in an external

stream of air passing

adjacent to the
nozzle cowl section.

Overleaf:

National Aero-

Space Plane.

>.

DEVELOPING CRITICAL TECHNOLOGIES TO

SUPPORT THE X-30 NATIONAL AERO-SPACE

PLANE (NASP) AND FUTURE

HYPERSONIC VEHICLES.

THE NATIONAL

CONTRACTOR TEAM

Because the goal of the NASP

program is to build an

unprecedented aerospace vehi-

cle, the research and develop-

ment effort requires unprece-

dented cooperation among

government agencies, business

organizations and academic

institutions.

Early in 1990, five of the

nation's leading aerospace

companies--General Dynam-

ics, McDonnell Douglas, Pratt

& Whitney, Rockwell Interna-

tional and Rocketdyne, a divi-

sion of Rockwell--took a "giant

leap" forward in working to-

gether. The}, formed a NASP

National Contractor Team to

combine their technical exper-

tise and their best ideas.

It was an innovative step.

Instead of just one contractor

coming up with new ideas for

NASP technology, government

and indust_ T alike could capi-

talize (m their synergism of
ideas. Formation of the team

also ensured that several con>

panics would have the techni-

cal expertise to design and

mannthcmre advanced propul-

sion systems, materials and
structures derived from the

NASP program.

Under the team agreement,

Rockwell, Mcl)onnell Douglas

and (;eneral Dynamics are

responsible for deveh)ping _lle

X-30's airfiame. Rocketdyne
and Pratt & Whitney are

addressing the NASP propul-

sion systems.
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WANTED: TWIN TAILS,
LIFTING BODY SHAPE

In October 1990, NASP

reached one of its most signif:
icant milestones when a new,

improved configuration was
chosen for the vehicle. The

twin-tailed, lifting body shape
was distilled from the individ-

ual designs of the contractor
team members.

The paired vertical tails will

give the X-30 better stability

and controllability during the

atmospheric parts of its flight

path. The vchicle's forebody

will compress and force air

into the scramjets at high

speed, where oxygen from

the air will be combined and

burned with hydrogen carried
on board. As the exhaust exits

the scramjets, the X-30's after-

body will act as an expansion

nozzle. Two pilots will fly the
X-30 from a raised blister

near the craft's flattened

nose.

Some aspects of the NASP

vehicle continue to evolve.

The X-30 may incorporate

elevons (combined elevators

and ailerons) like those on

the Space Shuttle orbiter, or

the wings may be "all-moving"

to provide pitch and roll

control.

NOT FILMED
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NASA engineer

checks Test Tech-

nique Demonstrator

(TI'D) model in Lan-

gley Research Cen-

ter's 14x20-foot sub-

sonic wind tunnel.

The fiberglass mod-

el is 9,5 feet long.
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NASP SYSTEMS INTEGRATION

There are a tremendous

number of elements/vari-

ables involved in the syn-

thesis of the aerospace

plane. These variables are

intricately networked and

all are important. If the

elements are integrated in

a synergistic fashion, the

design converges to a

viable vehicle: there is a

positive cascading effect.

On the other hand, the

design is just as sensitive

in the other direction.

With NASP, the high

degree of integration of the

propulsion system with the

airframe and the coupling •

between propulsion sur-

faces and aerodynamic sur-
faces make this a more

highly integrated vehicle

than has been attempted
before. The X-15 was a

high-Mach vehicle, but

there was essentially no

coupling between the aero

dynamics and the propul-

sion; you lit the rocket, it

ignited and accelerated.

The X-30's forebody will

precompress the air for

delivery to the inlet/com-

bustor and the afterbody
will act as a nozzle to

expand the exhaust, so the

propulsion system is totally

integrated from

Advanced tech-

nologies that will

be integrated in
the X-30.

THE NATIONAL AERo-SPACE PLANE (NASP) PROGRAM IS

PRODUCING MAJOR ADVANCES IN PROPULSION, MATERI-

ALS, STRUCTURES, AERODYNAMICS AND A HOST OF OTHER

TECttNICAL DISCIPLINES. BUT THE SUCCESS OF" TtIE PRO-

GRAM DEPENDS ON COMBINING AI, I, OF" THESI" TFCHNOLO-

GY DEVELOPMENTS INTO A "FIRST-OF-ITS-KIND"

AEROSPACE PLANE (THE X-30) THAT WILL TAKE OFF HOR-

IZONTAI, LY AND ACCELERATE THROUGH THE ATMOSPHERE,

USING AIRBREATIIING PROPULSION, TO LOW EARTH

ORBIT. LANGLEY RESEARCtl CENTER'S LARRY HUNT DIS-

CUSSES THE FORMIDABLE TASK OF NASP TECIINOLOGY

INTEGRATION AND VEIII('LE DESIGN.

nose to tail on the under-

surface of the vehicle.

When the pilots change

the power setting, they will

change the forces in the
nozzle and this in turn will

require adjustments in

aerodynamic controls for

stable flight.

Another important cou-

pling involves thermal man-

agement. Since the vehi-

cle accelerates to low

Earth orbit through an air-

breathing corridor, the heat

load during ascent is

approximately three times

that which occurs during

reentry and descent. In

order to manage this heat

load, the cryogenic hydro-

gen fuel is used to actively

Advanced
Avionics

COOtthe engines, a portion

of the forebody inlet ramps

and nozzle expansion sur-

faces and leading edges of
the airframe. In this man-

ner, the use of very high-

temperature heavy materi-

als is minimized. Also, the

more heat absorbed by the

fuel, the higher the fuel

injector temperature--a

significant factor in enhanc-

ing propulsion efficiency.

Cryo Tank/Structure
Slush Hydrogen

The aero-space plane is

a highly sensitive machine

and, thus, must be finely
tuned for its orbital mis-

sion. However, it does

have some "forgiving"

characteristics. If, for

example, the propulsion

system does not attain the

maximum efficiency pre-

dicted, the trajectory and

the trajectory events can

be re-optimized through

the use of liquid oxygen

(LOX) augmentation, in

both the airbreathing

scramiets and the rockets

(when they are initiated at

the top end of the traiecto-

ry) to increase the thrust-

to-drag ratio of the vehicle

and, thus, compensate for

Advanced
Materials

Advanced
Aerodynamics

Airbrea[hing
Propulsion

Actively
Cooled
Structure

Control
System
Integration

some scramjet propulsion

efficiency losses

This optimization will

continue during the enve-

lope expansion/flight test

program. For instance, the

scramjets cannot be tested

in free-jet ground tests
above Mach 8 nor in direct-

connect combustor tests

above Mach 10. There-

fore, the airbreathing

propulsion system design

must rely on CFD (comput-

er) predictions for the

remainder of the trajectory

to orbit. As the vehicle's

flight test envelope is

expanded beyond the

ground-test matrix, the

ratio of LOX to hydrogen
on board will be flexible

The flight envelope expan-
sion will substantiate the

performance level attain-

able, and the LOX-to-hydro-

gen ratio can then be opti-

mized based on actual per-
formance.

NASP is an ambitious

program. Today's fastest

airbreathing airplane, the

SR-71, cruises at about

Mach 3; and NASP is

attempting to accelerate to

Mach 25 But, if the disci

plines are integrated syner-

gistically in the design of

the vehicle, then a viable

orbital vehicle should

emerge that will provide
routine access to low Earth

orbit at substantially
reduced cost •
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NASA also has finished initial

studies of crew escape

options, including ejection

seats and a separable nose

section. A major requirement

is to provide the crew with

the maximum possible pro-

tection during the high-risk

parts of the X-30's flight

envelope.

MEETING THE

TECHNOLOGY

CHALLENGE

In the past two years, the X-30

has started to come off the

drawing board and into reali-

ty. The national govern-

ment/industry team has

made impressive strides in

developing the advanced

technologies that will he inte-

grated into the NASP vehicle.

Modified "govern-

ment baseline"

engine at Lewis
ResearchCenter.

Model was used

to obtain inlet and

engine perfor-
mance data with

variable inlet con-

traction ratios and

nozzle exit areas

up to Mach 3.5.

_- AEROTHERMODYNAMICS-I

The aerodynamic data base

continued to grow to meet

the program's requirements.

General Dynamics tested

models over a speed range of

Mach 4 to 14, complementing

data previously obtained by

McDonnell Douglas and

Rockwell International. At

I,angley Research Cenler,

NASA got valuable informa-

tion on NASP-related stability

and control, aerodynaniic

integration and propulsion

with a series of powered Tesl

Techniques Demonstrator

(TFD) model tests.

:_ PROPULSION--

Lewis Research Center evalu-

ated several engine inlet con-

cepts to explore the interac-

tion between engine mod-

ules. Scramjet filei-injectors

were the object of Mach 10

tests at the General Applied

Science Laboratory and Mach

7 experiments at The Johns

ttopkins University Applied

Physics I ,al)orato_ T.

Lewis researchers also ran

tests of a complete "govern-

ment baseline" engine

design. The studies provided

important insights into both

pertormance and options for

engine control systems. And

Iangley Research Center per-

fi)rmed suhscale scramjet

investigations with contractor

engine hardware in the Cen-

ter's arc-heated scramlet test

tacility, l,ewis' I'hnnbrook

Facility began to produce

large quantities (up to 500

galhms) of slush hydrogen, a

mixture of solid and liquid

hydrogen. Slush hydrogen

will, in effect, give the X-30

more "hang for the buck"; it

is denser than liquid hydro-

gen and requires smaller

tanks for the same amount of

propulsive capability. Tanks

themselves can be ligtner

because slush hydrogen

requires an internal pressure

of only one pound pet square

inch. It is also a hetter

coolant for the NASP struc-

tures and engines than liquid

hydrogen.
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AS!;IGNMENT: X-30 TEST FLIGHT

Sometime in the late

1990s, the X-30 National

Aero-Space Plane (NASP)

will light up its engines and

lift off the runway at
Edwards Air Force Base in

California. The sleek, black

and gray vehicle won't be

headed for orbit; in fact,

the landing gear probably
won't even be retracted.

That first test hop will be

iust the start of a series of

ever more ambitious exper-

imental flights that will cul-

minate in a try for single-

stage-to-orbit after the turn

of the century.

Though takeoff is several

years in the future, NASA's

Ames-Dryden Flight Re-

search Facility at Edwards

has performed many simu-

lations of X-30 flight pro-
files since 1988. The

research is being done in

Ames-Dryden's Simulation

Laboratory.

Early NASP test flights

will focus on basics: prov-

ing that the X-30 flies as

predicted in low-speed

atmospheric flight and

working out any technical

problems that crop up in

the vehicles's myriad elec-

tric, mechanical and propul-

sion systems. During this

initial phase, the X-30 will

be kept within the Edwards

test range--at 20,000

square miles, still a huge

area in which to fly!

Gradually, the X-30 will

expand its speed and alti-

tude envelope on a flight

path that will far exceed in

distance anything done in

previous research aircraft

programs.
The Mach 6.7 X-15 rock-

et plane of the 1960s, for

example, used a "high

range" stretching from
mid-Nevada to Edwards in

southern California. In one

flight profile currently being

studied by NASP program

managers, the X-30 would

leave Edwards and head

southeast across the Unit-

ed States. It would cruise

at speeds up to Mach 4
and altitudes far above nor-

mal military and commer-
cial air traffic until it

approaches NASA's

Kennedy Space Center
(KSC)--2500 miles from

FLIGHT TEST POTENTIAL PROFILES

its home base.

If any problems devel-

oped, the plane would have

enough energy to make an

emergency touchdown at

KSC's 15,000-foot Shuttle

Landing Facility runway.

If not at KSC, the X-30

would make a sweeping

180-degree turn, then

accelerate to the speed

planned for that particular
fun.

After gathering the need-

ed data, the X-30 would cut

off its scramjet engines
somewhere over western

Mississippi or eastern

Texas and make a high-

speed gliding return to the

Edwards area. The low-

speed propulsion system
would be turned on at

some point before touch-

down to give the X-30 a

"go-around" capability.
NASA and the Air Force

haven't yet determined a

final trajectory for flights to

orbit. But one thing is cer-

tain: The X-30 will go

where no "X-plane" has

gone before. >-

TRAJECTORY COMPARISONS

Potential ground
tracks for X-30

flight tests (blue)

encompass much

more territory
than those used

in the X-15 pro-

gram (magenta).
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Cryogenic Propel-

lant Tank Facility

at Lewis' Plum

BrookFacility will

be usedto study

storage issues

associatedwith

slush hydrogen,

_" MATERIALS AND STRUCTURF_--

The first large-scale structures

representative of elements of
the X-30 have been manufac-

tured. McDonnell Douglas

completed two series of tests

on an eight-foot long, muhi-

lobed thermoplastic fitel tank

installed in a fuselage-shell of
titanium metal matrix com-

posite. Also, large panels of
silicone-fiber-reinforced tita-

nium from Textron were

assembled into a representa-
tive 4x8x8-foot NASP struc-

ture and sent to NASA's

Ames-Dryden Flight Research

Facility for thermal tests. Gen-

era] Dynamics and L]_1 Cor-

poration completed an all

carbon-carbon structure rep-

resenting a 10x5-foot wing
section of the )(-30.

_- COMPUTATIONAL FLUID

DYNAMICS (CFD)---
As a resuh of test dam valida-

tions, the NASP team now has

increased confidence in

aerothermal eompuler codes

and has started to use CFD to

design engine inlerior details.

Researchers have also devel-

oped a combination of com-

puter programs that can cal-
cttlate nose-to-tail flow charac-

teristics tbr the entire NASP

vehicle.

Recent advances at Langley

Research Center in boundaly-

layer transition prediction for

hypersonic speeds have now

been incorporated into con-
tractor methods crucial to

designs for surface heating

and engine intlow.

COLOR PHi, i OL_RAPH

GENERIC HYPERSON1CS

NASA also is doing research

to understand the fimdamen-

tal physical processes of

hypersonic flight and to pro-

mote new ideas applicable to

hypersonic vehicles. The

Generic Hypersonics pro-

gram emphasizes research

and technology development,

primarily for airbreathing

aero-space craft that use

highly integrated airframe/

propulsion concepts.

Unlike the NASP program,

which is tbcused on a specific

vehicle and mission, Generic

Hypersonics stresses a broad

range of configurations and

technical issues. Key chal-

lenges exist in areas such as

hypersonic boundary, layers

and high-speed transitions,

mixing and combustion at

supersonic speed and rarified

flows at high altitudes.

ekn important part of the pro-

gram is an effort to enhance

general hypersonic capabili-

ties through a varie W of activi-

ties: ground-based research,

flight experiments, investiga-
tions of the interaction of

integrated components and

development of super-accu-

rate compulational fluid

dynamics algorithms. _-
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NASA strongly supports

research to advance the tech-

nical disciplines important to

aviation. The emphasis is on

fundamental understanding

of the physical phenomena

inw)lved in aerospace systems

and on identilying and devel-

oping new ideas that may

yield revolutionary advances

for application to those sys-

tems.

By its nature, discipline
research is continuous and

long-range; it gives designers

a technological toundation to

draw on as they address the

specific requirements of
flaure aircraft. This ftmda-

menial technology base

advances steadily through

both computational and

experimental research on the

"leading edge." This base pro-

vides the knowledge needed

to tmderstand the key physics

of structural, control and flow

phenomena that make major

breakthroughs in new con-

cepts possible.

This work depends on the

expertise of the researchers

inw_lved and on the experi-

mental and computational

facilities available to support

the research.

Direct numerical

simulation pre-

dicting transition
from laminar to

turbulent flow

over a flat plate.

PIONEERING TIlE DEVELOPMENT OF

INNOVATIVE CONCEPTS AND PROVIDING

PHYSICAL UNDERSTANDING AND THEORETI-

('AL,_ EXPERIMENTAL AND COMPUTATIONAL

TOOLS REQUIRED FOR EFFICIENT DESIGN

AND OPERATION OF ADVANCED

AEROSPACE VEHICLES.

),,.

UNDERSTANDING

A PHENOMENON

Boundary' layer transition is a

phenomenon much better

understood today than it was

just a few years ago. It is asso-

ciated with the flow of air

over an airplane in flight and
the viscous effects that cause

the air next to the aircraft's

surface to flow at a lower

velociw lhan the air in the

"free stream" farther away.

This boundary layer has a very,

large effect on the level of

drag and the corresponding

engine thrust required to
overcome it. Under certain

conditions, the boundary lay-

er is very' uniform and smooth

(laminar). In other situations,

the layer transitions into an

agitated state and becomes

turbulent or unsteady and

contains mini-tornados called

vortices. _Mr friction drag on a

plane is significantly higher

with turbulent flow than it is

for laminar flow, so under-

standing the boundary' layer

phenomenon and being able

to model it and predict transi-
tion from laminar to turbu-

lent can have a major impact

on aircraft design and effi-

ciency.

Scientists at NASA's Ames

Research Center recently
made the frst direct numeri-

cal simulation of this transi-

tion to turbulence over a fiat

plate. Using a new "finite-dif-

ference" computational

method, they were able to

visualize detached shear lay-

ers of airflow and pairs of

counterrotating ,ortices--

results that agreed with the

available experimental data.

The finite-diftierence method

from this study has now been
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Triangular grid sys-

tem produced pre-

diction of the wing

shock system

about a wing at
cruise conditions

resulting in tran-

sonic flows, Mach

contours are repre-

sented on wing

surface by blue-

green-yellow-red

(low to high),

extertded so that direct simtt-

lations of transitional and tur-

bulent airflow over general

shapes are possible. One of the

first applications will be the

creation of a new computer

code to model compressible,

turbulent and transitional

flows over a turbine airfoil.

AD'VA_N CED MiATERIALS

Major leaps in materials tech-

[IOlOgy have ocCUlTed as conl-

putationa[ capabilities have

allowed study of previously

unitwestigated phenomena.

Today, materials properties

and processing behavior can
be evahtated at the atomic

and mole{'ular level; this can

lead to the development of

materials with specific desired

characteristics.

D i

Researchers in p<_lymers and
metals have now hwnmla/ed

new combinalions of ele-

ments to achieve higher ser-

vice IelllperatttleS, increased

toughness and imp,'ovcd cor-

rosion resistance. Toughened

polymeric p)aslics, when used

in reim%vced composite

materials, improve lht" abi)itv

of a structure such as an air-

plane wing to withstand

impacts t}o11_ hail,vulture

stories alld dropped tools.

Unique combinations of elec+
tricid, mechanical and ther-

mal properties, such as piczo-

eh'ct/ics alld sl|ilpg-lllelll{)lx, '

materials, have ills{} been cre-

ated; uses [_)r them in sens_ws

and ()lher applications are

being developed.
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NUMERICAL AERODYNAMIC SIMULATION

To me, the Numerical

Aerodynamic Simulation

(NAS) program is one of the
most successful that NASA

has ever undertaken! It

acts as a pathfinder to

develop, integrate and test

advanced computer sys-

tems and provides a lead-

ing edge computational

capability to the U.S.

aerospace community. We

supply supercomputer ser-
vices to more than 1500

users from NASA, the

aerospace industry, the

Department of Defense

and university sites across

the country.

I believe leadership in

computational technologies

will have a profound effect

on the competitiveness of

our aerospace industry in

the 1990s. Computational

simulations made possible

by NAS will yield innovative

solutions and designs that

are not likely to be discov-

ered by other means.

For example, research

scientists using the NAS

capability have developed

computational fluid dynam-

ics (CFD) codes that can

predict the viscous flow

field over entire aircraft,

both civil transports and

high-performance military

airplanes. Minor modifica-

tions to candidate configu-

rations can be easily

accommodated, and the

resulting impact on perfor-

mance over a wide range of

flight conditions can be

quickly evaluated. Obvious-

ly, this significantly reduces

design time and minimizes
cost.

The list of NAS accom-

plishments and the testi-

monials from our users is

i quite impressive. Let me
i just mention a few.

SINCE 1985, NASA's NUMERICAL AERODYNAMIC

SIMULATION (NAS) PROGRAM HAS PIONEERED ADVANCED

AEROSPACE APPLICATIONS FOR SUPERCOMPUTERS.

DAVE COOPER AT AMES RESEARCH CENTER_

HOME OF THE NAS FACILITY+ TALKS ABOUT

TtlE PROGRAM'S ACHIEVEMENTS.

We've done a numerical

simulation of a wind tunnel

test on an F-16A fighter to
demonstrate that CFD can

predict vehicle aerodynam-

ics accurately at various

angles-of-attack. The com-

puted lift and drag coeffi-

cients and surface pres-

sures agreed with the wind

tunnel measurements to

within 5 percent. Again,

this capability reduces the

overall requirements for

wind tunnel and flight tests

and shrinks the design
time.

We have also performed

a simulation of rotor/stator

interactions in single stage
turbines and simulations of

unsteady flow in multistage
turbomachines. These tests

are helping researchers

understand and define the

pressure and temperature
distributions in the tur-

bines. The work has

already led to the redesign
of turbines to make them

more efficient and will

eventually lead to designs
that increase the lifetime of

the turbine parts.

A third example of NAS
achievements is the

progress being made to
simulate the flow field

through a ducted fan and

the external flow over the

engine nacelle and cowl.
This work will assist

designers of ultra-high-

bypass ratio engines that

substantially improve

propulsion efficiency over

existing powerplants.

Another important ele-
ment of this work is the

efficient integration and

design of these large

engines into the airframe

and the resulting change in

structural requirements.

During the past couple of

years, the helicopter com-

munity has made tremen-

dous strides in developing

codes that accurately pre-

dict the helicopter/rotor

blade airloads and perfor-
mance as well as simulate

the complicated flow that

results from the fuselage,
rotors and wake interac-

tions. This work is current-

ly demonstrating the appli-

cability of CFD to this disci-

pline and will eventually

lead to rotary wing designs

with improved performance

and reduced noise and

vibration.

As we move toward

designing optimized vehi-
cles that include the inte-

grated effects of aerody-

namics, controls, flexible

structures and propulsion

systems, we must develop

multidisciplinary codes and

apply them to realistic prob-
lems. The successful

numerical coupling of the
Navier-Stokes solutions

with the structural equa- t

tions to simulate aeroelas- !
ticity of a flexible wing is an !

example of this work.

Predicted static

pressure ratio
for an Allison

ducted propfan
at Mach 0.75,
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Luminescent paint

glows under ultravi-

olet light in tests
at Ames Research

Center.

ORIC:,;;/,L ','AGE
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COMPUTATIONAL

FLUID DYNAMICS

The design of filture highly

sophisticated aircraft is linked

with the ability to compute

accurately the flow of air

around aerospace configura-

tions. NASA is tu,ing to make

computational fluid dynamics

(CFD) more effective in air-

craft design by developing a

basic understanding of such

flows and correctly modeling

phenomena such as turbu-

lence and transition to turbu-

lence for accurate predictions

of aerodynamic drag.

The CFD process includes

algorithms that translate

equations of fluid motion

into computer simulations,

grid methods for modeling

aerospace geometries and the

volumes around them, and

scientific visualization of com-

puted results using color

computer graphics worksta-

tions.

Recent developments by

NASA researchers promise

advances in treating geomet-

ric and physical complexities.

For example, the flow about a

wing was done using a trian-

gular grid scheme that adapts

well to the physical flow phe-

nomena. The scheme

improved accuracy in predic-

tion of the wing shock system

at cruise conditions resuhing

in transonic flows. Advanced

grid schemes, when used

interactively with sophisticat-

ed methods for visual display

of the grids and tina] solu-

tions, offer researchers sever-

al advantages:

Full control for placement

of discrete points

Control of movement and

views of the configuration
_- Color enhancements of

portions of the geomet O,

Specific numerical data for

the geomet D, and the solu-
tion.

:. 59



CRITICAL DISCIPLINES

Computing and computer

communications networks

are transforming the world.

They affect the way we do

business, our educational

activities--indeed, the way
we live. Future societies

with the most advanced

computing capabilities will

have a major competitive

advantage in the world

marketplace.

In 1991, the US. Gov-

ernment finalized details of

a national program in High-

Performance Computing
and Communications

(HPCC) to sustain and

expand U.S. leadership in
this area. HPCC is driven

,,_ M---I Ol+_l'Jlt_.'lt_l fill P,It;1INII DI+[l'tl t_l_l_o] Nlt+'lH t{|_ I H+[M & _

by the recognition that

unprecedented computa-

tional power is needed to

investigate and understand

a wide range of scientific

and engineering "grand

challenges": problems
whose solutions are

critical to national needs.

The program is a multi-

agency endeavor that

involves NASA, the

Department of Energy,
the National Science Foun-

dation, the Defense

Advanced Research Pro+

jects Agency (DARPA), the

Department of Commerce,
the National Institutes of

Health and the Environ-

mental Protection Agency.

NASA's part of HPCC is

designed to accelerate the

development and applica-

tion of high-performance

computing technologies to

meet NASA's science and

engineering requirements.

The ability to do integrated,

muItidisciplinary numerical

simulation and design of

complete aerospace vehi-

cle systems throughout the

flight envelope is particular-

ly important to the nation's

continued preeminence in
aeronautics.

The Computational Aero-

sciences (CAS) project is a

major focus of NASA's

HPCC efforts. Ames

Research Center leads the

CAS project with contribu-

tions from Langley and
Lewis Research Centers.

The program will work on

technology for modeling

critical system interactions

in advanced aerospace
vehicles that can't be done

due to the limitations of

today's supercomputers.

CAS will strive for

progress in several areas. It

will develop new algo-

rithms and computational
methods that can be effec-

tively used with new "par-

allel-processing" comput-

ing systems. The project

also will research new

approaches to managing
the data from those meth-

ods, from computational

models and experiments,

including highly complex

complete aerosciences

problems

In more focused applica-

tions, CAS wilt research

new multidisciplinary

aeroelasticity and combus-
tion models that will even-

tually be practical for engi-

neering purposes. NASA's

High-Speed Research Pro-

gram, to develop technolo-

gy for a next-generation

supersonic transport,

will be one of the prime
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beneficiaries of this work.

NASA's participation in

the High-Performance Com-

puting and Communications

Program will help the agen-

cy-and the nation--keep

its current leadership in

computational techniques,

while broadly strengthening

its capabilities for sustained

high-performance comput-

ing research, •

Numerical simulation

of exhaust streamlines

from NASA's Vertical

System ResearchAir-

craft, a modified YAV-

8B Harrier.

COMPUTATIONAL

STRUCTURAL

MECHANICS

Current aircraft structural

design is typified by a top-

down approach beginning

with overall design and

increasing in detail that

results in the final engineer-

ing drawings. Employing

evolving high-performance

computers, computational

structural mechanics (CSM)

techniques offer a detailed

design capability using

advanced materials that can

impact overall design. The

result: lighter, better perform-

ing aircraft.

Recently, NASA research pro-
duced several milestones. A

model for textile composites

was used to predict static

strength and fatigue life. This
line of research wilt establish

design reqnirements for new

material forms. Adaptive anal-

ysis methods demonstrated
new nonlinear solution tech-

niques for predicting buck-

ling and failure behavior in

curved complex panels. Also,

a combined experimental/

analysis method to predict

structural response of ceramic

composites R_r engine struc-

tures was developed.

NEW EXPERIMENTAL

TESTING TECHNIQUES

Computational solutions

depend heavily on "real

world" test results for valida-

tion. But experimental tests

can be complicated, expen-

sive and time consmning.

They often require test facili-

ties that simulate the flight
environment and small-scale

models that accurately repre-
sent the fi_ll-size article. Mod-

els must be extensively instru-
mented so that nleasnrenrents

can be made al many points

on the surface fin" comparison

with the computational solu-

tions at the same points.

For example, aerodynamic
tests of models in wind tun-

nels need many pressure taps

placed at veD, precise loca-

tions on the model. The cost

to manufacture such a model

can run to more than $1 mil-

lion for a model. The process

of taking the measurements

also is complicated and time

consuming.

During the last two years,

NASA has successfully tested a

new paint that can measure

surface pressure on aircraft

during flight. The paint,

developed by Ames Research

Center and the University of

Washington, becomes lumi-

nescent under ultrax4olet

light. The intensity of light

radiated by the paint results

from the aerodynamic pres-

sure it receives. Researchers

use videotapes or photo-

graphs taken in the uhraviolet

to study the pressure patterns.

The paint's ability to give

accurate pressure measure-
ments was studied in wind

tunnel tests at Ames in 1989.

The method was validated

during flight tests aboard an

F-104 research aircraft at

Ames-Dryden Flight

Research Facility in 1991.

Aerospace experts are hailing

the pressure-sensitive paint as

revolutional T because it cottld

lead to large areas of a test

vehicle being studied at once.

The light pink paint is quick

and easy to apply and the

entire test surface can be

"mapped." Test models and

flight vehicles don't have to

he modified with the wires

and tubing associated with

conventional data collection

S}:slelns. •
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NATIONAL FACILITIES ]

"['he phrase "unique national

asset" is often used to

describe NASA's trio of

research centers--i,angley,

Lewis and Ames--and the

world's premier civilian flight
test installation, the Ames-

Dryden Flight Research

Facility.

It's true that NASA's laborato-

ries, wind tunnels and testing

facilities rank among the

world's best. The variety and

scope of the programs already

described in this report make

it clear that the agency's part-

ners in government and

indust D' agree.

But the real value of NASA

tacilities to the nation cannot

be measured solely in terms

of their physical plant.Just as

important are the first-rate

scientists, engineers, techni-

cians and managers who staff

those installations. It's the

combination of people and

research capabilities that
makes NASA's facilities so

appealing to the aerospace

community.

NASA also realizes that a

physical plant must be main-

tained and periodically

improved. The agency has in

place an ambitious, integrat-

ed plan to upgrade its facili-

DEVELOPING, MAINTAINING AND OPERATING

CRITICAL NATIONAL FACILITIES FOR AERONAUTICS

RESEARCH IN SUPPORT OF INDUSTRY,

DoD AND OTHER NASA PROGRAMS.

ties and continue its ability' to
execute vital national aero-

nautics research programs.

Overleaf:

Research planes at

Ames-Dryden Flight

Research Center.

NEW CAPABILITIES

In 1991, NASA brought two

important new research facili-

ties Ol] line: the Ames-l)D,den

Integrated Test Facility'

(ITF) and Lewis' Powered

Lift Facility.

The Ames-DQ,den Integrated

Test Facility is essential fi)r

NASA's continued preemi-
nence in aeronautical

research. In the last decade,

there has been a significant

growth of electronic digital

control fiw aircraft systems.

Planes are being designed

with integrated systems for,

among other things, flight

control, fire control, flutter

suppression and tlight man-

agement.

The ITF allows checkout of

an aircraft's components and
the interaction between com-

ponents during overall opera-

tion of its integrated systems.

The facility has aircraft test

bays that can accommodate

up to six aircraft. It also incor-

porates laboratories, office

space and associated work

space.

The Powered Lift Facility

makes it possible for

researchers to investigate full-

scale Short Take-Off/Vertical

Landing (STOVL) propul-

sion systems in prototype

form. Advanced experimental

test techniques can gather

large-scale propulsion data on

candidate STOVL concepts

and can help assess their tech-

nical readiness. The facility' is

also being used to support

the Iqigh-Speed Research

Prograln.

The facility features a muhi-

axis force measuring system;

roll, pitch and yaw moments
can also be deternfined. The

test rig supports models

weighing up to 40,000

pounds and can supply com-

pressed air to test articles at

400 pounds per second.

The Integrated

Test Facility is on-

line at Ames-

Dryden Flight

ResearchFacility.
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NATIONAL FACILITIES

REVITA I.IZING NASA'S

WIND TUNNELS

In 1989 NASA started a wide-

ranging program to refilrbish

many ofits major wind tun-

nels, some of which are 30-50

years old.

The program resuhed from a

1987 study by a subcommittee

of the Aeronautics and Space

Engineering Board of the
National Research ConnciI.

The study suggested that some

of NASA's wind tunnels could

be made more productive

and reliable. One driver is

competition: Most European

tunnels are only 10-20 _x'ars

old and are able to generate

large quantifies of high-quali-

ty data.

NASA's five-year 1Aqnd Tunnel

Revitalization Program is

modernizing the fhcililies and
associated instrumentation in

15 runnels at the Ames, l+ang-

ley and l+ewis Research Cen-

ters. About 70 percen_ of the

$300 million required to c<}m-

plete the l}rogram will go

directly t() improvenwnts in

the wind tmmels. Upgrades to

related support facilities will

use about 20 percent and the

remaining 10 percent will be

devoted to updating dala

acquisition systems and other

equipment.

The 12-foot Pres-

sure Tunnel at

Ames Research

Center is in the

process of renova-

tion as part of
NASA's Wind Tun-

nel Revitalization

program.

P_ 7 ,+ : + " *0,_..:._;"I:,L c,,_ocJ" /=I ,t,_ I=.
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Lewis Research

Center's Powered

Lift Facility features

a muRi-axis force-

measuring system

with a capacity of

30,000 Ibs.axial

force, 20,000 Ibs.

vertical forceand

3000 Ibs. lateral

force.

When tim Wind Tunnel Revi-

talization program is com-

plete, NASA's aeronautical
facilities will maintain their

position as the world's pre-

mier research and develop-

ment capabiliB'.

AN EXPANDED ROLE

FOR AMES-DRYDEN

Starting fiom a modest group

of five engineers in 1946, the

Ames-Duden Flight Research

Facility has grown to a con]-

plex with inore than 900

NASA ci;ri] selwaIlts add coil-

tractor personnel. Its h}cation

in the Calif{)rnia high desc-lI

among several d_)' lake beds

used as runways makes the

base ideal ti}i" aerospace

flight research.
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Moreover, Ames-Do,den

includes laboratories to

ground test aircraft structural

components and avionics s.vs-

terns, as well as facilities to

visualize flow-patterns over

models and to process tlight
research data. This combina-

tion ofh)cation and capabili-

ties gives Ames-D_den an

unmatched abiliB' to conduct

advanced flight research

programs.

NASA wants to ensure that

tile nation receives the fifll

benefit of Ames-DD,den's

unique facilities. The agency

is developing a forward-h)ok-

ing plan that will continue

,_Mnes-Dryden as America's

flight research center,

participating in all tilttlre

U.S. experimental aircraft

programs.

Ames-Dryden will help guar-

atltee tilt" Stlccess of tomof

row's research efforts such as

the X-30 National Aero-Space

Plane Program and other pro-

jects in tligh! slability, c(}ntrol

and propulsion systems and

tec}lll(}lo_' for sl.tper-tll;.tll{,ll-

veral}le aircrafl. •





ORGANIZATIONS & INSTALLATIONS]

AERONAUTICS

ORGANIZATION

NASA's aeronautics research and tech-

nology program is directed by the Asso-

ciate Administrator for the Office of

Aeronautics and Space Technology

(OAST). OAST is responsible for plan-

ning, advocating, directing, executing

and evaluating projects and research

activities concerned with aeronautics

and space technology and for institu-

tional management of the Ames, Lang-

ley and Lewis Research Centers and

_Mnes-Dryden Flight Research Facility.

Within OAST, the Director for Aeronau-

tics has overall responsibility for strategy,

planning, advocacy, direction, execution

and evaluation of aeronautics programs.
The Director for Aeronautics also is a

primary OAST liaison for aeronautics

with Congress, advisory committees,

industry., universities and government

agencies. He ensures that the Aeronau-

tics Directorate works closely with the

other OAST Directorates; for example,

there is continuing interaction With the

Director for Space Technology on

research activities that apply to both

aeronautics and space and with the
Director for Institutions on institutional

planning, budgeting and advocacy of
facilities at NASA's Research Centers.

The Aeronautics Directorate also estab-

lishes discipline program plans and

objectives and determines facility

requirements consistent with program

strategy. The Research Centers imple-

ment and manage the aeronautics pro-

grams and participate jointly with OAST

in developing strategic plans and estab-

lishing future research and facility

requirements.

The Director for Aeronautics is support-

ed by a Deputy Director and by four

Division Directors for High-Speed

Research, Subsonic Transportation,

High-Performance Aircraft and Flight

Projects, and Aeronautics Research. The

Deputy Director, in addition to support-

ing the overall direction of the aeronau-

tics program, fi)cuses specific attention

on broad strategy and policy issues. The

respective Division Directors define

research and technology needs, ensure

the proper balance of vehicle-related

and fundamental research and develop

long-range plans within their areas.

NASA's Aeronautics program encour-

ages cooperative academic involvemel_l

in the agency's research activities, partic-

ularly in basic research.

The conefairing in

NASA.Langley's 16-
foot TransonicWind

Tunnel helps to
reduce disturbances

in air flow around

corners.
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ORGANIZATIONS & INSTALLATIONS

NASA RESEARCH CENTERS

Of the thirteen installations that com-

prise the business end of the National
Aeronautics and Space Administration,
Langley Research Center in Virginia,
Lewis Research Center in Ohio, and
Ames Research Center and its Ames-

Dryden Flight Research Facility in Cali-
fornia are the primary installations con-

ducting NASA's aeronautical research
and technology programs.

Each center, unique in its facilities and
research staff, is a resource that brings

to NASA the capabilities which have
allowed the agency to maintain its

worldwide leadership in aeronautics
and space research and technology

development.

But NASA does not work in a vacuum;
each center conducts its research in

close coordination with other agencies

through cooperative agreements, with
universities through NASA's many grant

programs and with industry in coopera-
tive research projects. One of NASA's
aeronautics thrusts, the development of

technology for hypersonic flight (foun-
dation for the future National Aero-

Space Plane), is an example of
NASA/DoD/industry/nniversiD' inter-

disciplinary cooperative efforts.

The chart presents each Center's

responsibilities in carrying out NASA's

strategic thrusts. The map shows the

location of each research center and

lists its Center Director and key aero-

nautical progratn mangers. _-

AERONAUTICS
Strategic Thrust and Objective Responsibilities

Ames Langley Lewis

Subsonic Aircraft/National Airspace

Aerodynamic Efficiency

Flight Management Concepts i

Cockpit/ATC Integration i

Composite Materials

Aircraft Safety i

Noise Reduction F'-'---'---1

Tiltrotor Technology

High-Speed Air Transportation
Atmospherics/Emission Reduction

Noise Reduction

Sonic Boom

Enabling Propulsion Materials

Airframe ,:_,__:i

Propulsion

m . .

High-Performance Military Aircraft

Maneuverability & Agility

Powered Lift i

Integrated Controls i

Rotorcraft Agility i

i EzEzzzz_
i EZEZSZZ3
i i
i i

_ m

m

m

F--------q m

m F--------q

F----------q m

m [zzEzEzzn

m _

[--------q m

Hypersonic/Transalmospheric Vehicles

Aerothermodynamics

Materials & Structures

Propulsion

Critical Disciplines
Aerodynamics

Propulsion

Materials & Structures

1 lmnan Factors

High-Performance Computing

National Facilities

Major Wind Tulmels

Supercomputing

Flight Simulation

Flight Research

i Major Capability/Role
Supporting Capability/Role
NA

m n
m

E:_ m

m m

_-_ m
m m
m m

m m
m
m m
m m

_---n

I

I

I

i

i

_________

I

AMES
Research Centw

Moffott Flehl, CA

D.L Compton
VL Pelerson

FR Baitey
CT Snyder

AMES/DRYDEN
Flight Research Facility
Edwards, C4
K J Szalai

-- I.BWIS
Iluem'_ Center
Cleveland, OH
LJ Ross
J.S. Fordyce
NT Saonders
S.J Grisalfe

LAIIGLEY
Research Center

Hampton, VA
PF Ho)loway
H t Beach

R.V Harris, Jr
JF Creedon
C P 8lankenship
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AMES RESEARCH CENTER

Moffett Field, California

As one of NASA's premier facilities, Ames
Research (;enter uses its unique complex

of advanced supercomputers and wind tun-

nels to conduct pioneering aeronautical
research. Ames is world-renowned for its

research in computer science and applica-

tions, computational fluid dynamics

(CFD), aerodynamics, flight simulation

and research, hypersonic aircraft, rotor-

cr_'t and poweredqift technology and

aeronautics and space human factors.

Current aeronautical research being
conducted at Ames includes:

Cockpit display/pilot fatigue and

crew awareness and control

Human-centered air traffic

control aids

Advanced fundamental understand-

ing of aerothermodynamics

processes and development of pre-

dicted capabilities for analysis and

design optimization of advanced

aerospace vehicles

• - Computational structural mechanics

_- CFD/80x120-foot tunnelwork on

high-alpha research

Aerodynamic and acoustic predic-
tion for rotorcraft and improved

panel and helmet-mounted displays

in pilot intertCace for civil and

military rotorcraft

• Navigational accuracy and

associated operational procedures

Advanced automation tools to aid

effective air traffic control of

terminal area traffic

The Numerical Aerodynamic Simulation

(NAS) Facility and the National Full-Scale

Aerodynamics Complex (NFAC) are two of

the largest and most impressive facilities at

Ames. The unique NAS supercomputer

system is the world's most advanced, capa-

ble of over one-billion computations per
second.

The NFAC houses the world's largest wind

tunnel providing the capability to conduct

ground-based testing of full-scale and

large-scale aircraft and their components.
An additional 30 wind tunnels-some

designed for speeds up to 34,000

mph-offer capabilities from low subsonic

to h_q_ersonic. The Vertical Motion Simula-

tor and other flight simulators give NASA

the ability to perform flight tests in a labo-

ratory setting. •

AMES-DRYDEN FLIGHT

RESEARCH FACILITY

Edwards, California

I.ocated in the high desert countr), of Cali-

lornia, D_den Flight Research Facility is

NASA's premier installation for aeronauti-

cal flight research, complementing the

ground test capabilities ofAmes and the

other centers. Its location on Rogers Dr),

l.ake, a natural playa, is ideal for aviation

research and test operations and for Space

Shuttle landings.

l)wden has been associated with many sig-
nificant milestones in aeronautical

research, from the X-I supersonic research

tlights to the for_,ard swept wing X-29 and

the Space Shutde. Facility researchers are

making preparations for the flight test pro-

gram of the X-30 National Aero-Space

Plane (NASP) in the late 1990s.

Current aeronautical research being con-

ducted at Dryden includes:

• Flight techniques and instrumentation
on NASA research vehicles

High angle-of-attack characteristics of

the forward-swept-wing design with
the #2 X-29

Airflow, behavior of flight control sur-

faces and engine performance at

high angles-of-attack with the F/A-18

HARV titled with the thrust vectoring

control system

lb Integrated digilal electronic flight and

engine control systems for improved

fuel savings and engine performance

l.aminar flow research at supersonic

speeds with the F-16XL

Design methodologies for integrated

flight and propulsion controls for
aircraft; correlation of research

quality aerodynamic propulsion and

control systems data base to develop

design criteria for advanced aircraft

The X-30 is expected to be tested at Dry-

den in the late 1990s. The facility's Ther-

mostructures Research Facility is carrying

out early structures research on compo-

nents that may be used to build the
X-30. _-
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LANGLEY RESEARCH CENTER

Hampton, Virginia

For ahnost 75 years, Langley Research
Center has been a leader in aeronautical

research. The Center is currently known

for its work in aerothermodynamics, com-

putational fluid dynamics, aerodynamics

and aeroelasticity, robotics and air-breath-

ing propulsion systems for the NASP pro-

gram. Langley is also one of NASA's key

facilities for tile development of aircraft

flight control systems, visual displays and

data networks. In addition, the Center

does materials and structures research

fbcusing on structural analysis methods
and research in airframe metallic and com-

posite materials.

('urrent aeronautical research being

conducted at Langley includes:

Advanced composites structures and

materials for use in future primary
aircraft structures

Noise prediction and suppression

technology' for high-speed civil

transports

• Airborne detection and avoidance of

wind shear and heavy rain

High-perfbrmance composites and

light-weight metallic materials for use
in advanced airframe structural

applications

Advanced controls displays and deci-

sion-making aids to increase cockpit

efficiency and enhance capacity of

national airspace system

To support its research, Ianglcy has 40

wind tunnels that operate at speeds up to

Mach 20, structures and materials labora-

tories, flight simulator facilities and an

advanced scientific computer facility that

includes the Cray-2 supercomputer.

The newest research facility for developing

and testing high-perfi_rmance aircraft is

the National Transonic Facility. This wind

tunnel uses cryogenic nitrogen instead of

air to provide more realistic flight simula-

tion in testing aircraft that fly at transonic

speeds. •

LEWIS RESEARCH CENTER

Cleveland, Ohio

The I.ewis Research Center is NASA's lead-

er for aircraft propulsion, spacecraft

propulsion, space power and materials

technolo_' research. NASA's research on

aircraft icing and ice protection systems is

performed in the Icing Research Tunnel,
one of the world's busiest. As a leader in

aerospace propulsion systems, Lewis is

developing subsonic, supersonic and

hypersonic technolog-y.

Experimental research in materials, struc-

tures, and fluid dynamics is aimed at

propulsion systems fi)r use on fltture high-

speed transports capable of transoceank:

and transatmospheric flight. Unique com-

ponents for these systems are being
researched.

Current aeronautical researcll being con-
ducted at Lewis includes:

Advance<t turboprop systems to pro-

vide aerodynamic acoustic and struc-

tural technology,

Small turbine engine technology to
enhance U.S. manufacturers

in the flllure marketplace

High-temperature composite

materials tc, l applications to fimlre
propulsion systems

Advanced concepts in propulsion
emissions and noise reduction for

future supersonic transports

Advanced materials and processing

lechuologies for high-temperature
materials

Phnn Brook, a field station of the Lewis

Research Center, provides unique

aerospace test facilities and large clear

zone areas for hazardous tests with liquid

hydrogen, oxygen and nuclear materials.

To support its research, Lewis' facilities

include two supersonic wind tunnels able

to test full-sized systems, the Icing Research

Tunnel, the Powered Lift Facility, the

Micrngravity Materials Science laboratory,

a 420-foot zero gravity drop tower, an

advanced supercomputer system and Ihe

nation's most modern rocket engine test
facility. •
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UNIVERSITY

PROGRAMS

NASA's Aeronautics Program encour-

ages cooperative academic involvement

in the agency's research activities, partic-

ularly in basic research.

The NASA Aeronautics Program invests

approximately 10 percent of its research

and development resources in the

nation's universities to conduct long-

range, high-risk research; develop inno-

vative, creative approaches to advancing

basic technology; and enhance existing

university technological curriculum. In

1990, nearly 150 institutions participat-

ed in over 650 projects involving a range

of research topics from undergraduate

engineering design studies through

research in advanced materials, air traf-

fic control technology and next-genera-

tion commercial transport aircraft con-

ducted at the post-doctorate level.

The majority of these projects are in the

form of Basic Research Grants, which

are used by the universities to extend
mainstream aeronautical basic research.

Additional support is provided by the

NASA Research Centers through the

Fund for Independent Research, which

stimulates innovative, high-risk research
conducted at universities.

Mthough featuring only a portion of

NASA's supportive resources, the follow-

lug descriptions illustrate the breadth

and extent of the agency's University

Programs.

Research Institutes are located at the

NASA Research Centers and are operat-

ed by a nonprofit consortium of major

colleges and universities. The Institutes
conduct unclassified basic research in

applied mathematics, numerical analysis

and computer science to strengthen spe-

cific capabilities in science and engi-

neering.

Research is conducted primarily by visit-

ing university and industry scientists and

by consultants. With temporary resident

appointments, visiting scientists have the

opportunity to use the unique facilities

of the centers while working with NASA

personnel on specific research.

Research Center

Ames Research Center

Langley Research Center

Institute

Centers of Excellence have been estab-

lished at specific universities to develop

unique expertise and to accelerate

progress in new and emerging fields. A

"critical mass" of key l_acuhy at the uni-

versifies is established to conduct

research, train students and fi>ster

interdisciplinary interactions among

the universities, the NASA Research

(;enters, the Department of Defense

and industry.

Lewis Research Center

Discipline University

Ceramics Pennsylvania State

University

Computer Science Universi_, of

illinois

Research Instiuite Computer Science Stanford University

for Advanced

Computer Science Material Science Virginia
Polytechnic

Institute fi)r Corn- Institute and State

puter Applications Universily

in _:ience and .........

Engineering | tigh-Temperature Pennsyk,ania State

Materials University

Institute tot

Computational

Mechanics in

Propulsion

Innovative Material University of

Processing Science Virginia

Joint Institutes established by the

Research Centers promote an active

NASA/university interchange in innova-

tive research areas. The goal: to meet

the nation's ever increasing needs in the

advancement of science, engineering

and technology and to prepare qualified

sttldents tbr careers in research, devel-

opntent, design and teaching.

Re.arch Center Joint Institute

Ames Rest'arch (]enWr Joilil liislilul,<- t(li

Aeronautics

aild Acoustics

l,angley Research .Joint hlslituie |or

(]filler Advallrl'llWiiI of Pligili

Science

I.ewis Rescari'h (]elite[ Ohio Aerospace

hislilute
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The education and research opportuni-

ties offered in the program combine the

academic resources of universities with

those of NASA Centers. Students can

become involved in projects that excite

their interest and permit them to associ-

ate with university faculty and experts
from NASA Centers.

The University Advanced Design Pro-

gram is a unique program focused on

enhancing the Aeronautics Design Cur-

riculum for undergraduate students. Ini-

tiated in 1986, this Aeronautics Program

brings together students and faculty

with NASA engineers to provide a forum

for the exchange of innovative design

techniques. Students apply lessons

learned to design projects during a

senior year design course. These design

projects are selected by the students in

consultation with their NASA counselor

and reflect alternate approaches to cur-
rent NASA R&D areas of interest. The

design projects are presented at an

annual conference for review by student

peers, faculty and NASA and industry

representatives. Design projects vary

from advanced computers to high-alti-

tude aircraft and from combat aircraft

to supersonic and hypersonic vehicles.
The 1991 conference saw the initiation

of a special session in which NASA

researchers gave a special presentation

on current efforts in multidisciplinary

design methods.

Ten competitively selected universities

participated in the program:

_- Auburn University

• California Polytechnic State

University, San Luis Obispo

• California State Polytechnic

University, Pomona

• California State University,

Northridge

• Case Western Reserve University

• University of Kansas

• University of Notre Dame

• Ohio State University

• Purdue University

• Worcester Polytechnic Institute

NASA has established Training Grants in

Hypersonics with six universities,

because programs such as the National

AeroSpace Plane (NASP) are increasing

our interest in hypersonic flight. These

grants will stimulate and support the

development of graduate level programs

in hypersonic research.

The training portion of these programs

will support developing graduate level

curriculum, analytical/experimental

course work and appropriate text mate-

rial specifically focused toward the study

of hypersonic viscous flow phenomena.

The research portion will support fun-

damental research in hypersonics rele-

vant to aircraft and missiles that fly

from Mach 5 to 15. Participating univer-
sities are:

• Stanford University

• State University of New York

_- University of Texas at Austin

• Ohio State University

University of Southern California

• North Carolina State University

The Graduate Program in Aeronautics

sponsors graduate training and research

relevant and acceptable to both NASA
and universities in the field of aeronau-

tics and encourages a greater number of

newly graduating engineers to pursue

graduate training.

A significant portion of the training and

research is student research conducted

under the guidance and support of fac-

ulty and staff at a NASA Research Cen-

ter. The long-term goal is to provide a

cadre of research-trained graduate engi-

neers who will continue U.S. leadership

in aerospace design and construction.

The NASA/National Research Council

Resident Research Associateship Pro-

gram provides opportunities for post-

doctoral and senior post-doctoral scien-

tists and engineers to gain research

experience in problems that are com-

patible with the research interests of the

NASA Research Centers. Associateships

are awarded for one year, but recipients

may be considered for a second year.

This program is administered by the
National Research Council of the

National Academy of Sciences.

The American Society for Engineering

Education Summer Faculty Fellowship

Program provides an opportunity for

.university faculty to do research at

NASA's Research Centers during the

summer. The program adds to the

knowledge of the science faculty, stimu-

lates the exchange of ideas between

NASA and university personnel, enrich-

es the research and training acti_4ties of

the participants' institutions and con-

tributes to NASA's research objectives.

Appointed Fellows spend 10 weeks in

cooperative research and study pro-

grams. The study program uses lectures

and seminars by distinguished scientists

and engineers from NASA, universities

and industry.

Each year, NASA's Graduate Student

Research Program provides an opportu-

nity for approximately 40 graduate stu-

dents in aerospace science and technol-

ogy to conduct their thesis research at a

NASA Research Center. The Program is

designed to raise the number of highly

trained aerospace scientists and engi-

neers who can meet the continuing

needs of the national aerospace et_ort.

An additional 40 graduate students are

selected tor a science program spon-

sored by NASA Headquarters based on

proposals by the students' advisors in a

research area identified by NASA.
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NASA receives valuable guidance and

technical advice regarding aeronautics

research and technology programs from
external sources such as the Aeronautics

Advisory Committee (AAC) of' the NASA

Advisory Council, a primary mechanism

for interacting with the external techni-

cal community of aeronautics experts.

The AAC makes recommendations

based upon periodic reviews of NASA's

technical plans, research priorities and

program progress. This advisol)' [imc-

tion provides NASA with critical guid-

ance in planning, coordinating and

assessing the aeronautics program and

expeditiously transferring technology to

the nation's aerospace industry.

The AAC consists of approximately 20

members from industry, academia and

government selected for their expertise

in specific technical areas of aeronau-

tics. Supporting the AAC is a larger

group of discipline and vehicle special-

ists who make up the Aerospace

Research and Technology Subcommit-

tee (ARTS). The AAC defines specific

topics of interest or concern that

require in-depth study or review. Tech-

nical specialists from the ARTS are

selected, based on their expertise in the

topical area, to conduct a detailed

assessment and to develop recommen-
dations for AAC consideration.

Given the rapidly changing nature of

aeronautics, the role of the AAC is criti-

cal to maintaining an aggressive and

productive aeronautics research and

technology program. The continuous

dialogue between OAST and the AAC

assists NASA in prioritizing research

efforts to meet the nation's aeronautical

technology needs. _-
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